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HISTORY NOTES. 

101. JI03 PIN 4 CONNECTED TO JI03 PIN 20 AT ASSEMBLY ISSUE 2. TAM 
PROVIDES CONTROL Of THE RTS SIGNAL VIA THE DTR SIGNAL. 

102 AT ASSEMBLY ISSUE 3A. IT IS NO LONGER NECESSARY TO GREEN WIRE 
THE CONNECTION FROM JI03 PIN 4 TO JI03 PIN 20 AS MENTIONED IN 
HISTORY NOTE 101. THAT CONNECTION HAS BEEN INCORPORATED INTO 
THE NEW 409973 ARTWORK. 

102 THE FOLLOWING FILTER NETWORKS IN TVC CIA I/O - JI03 CONNECTOR 
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EQUIPMENT NOTES 


10!. THE SMALL CIRCLES WITHM THE COMPONENT OUTLINE ON THE SILK SCREEN INOICATE* 

PIN 1 Of ALL IC‘» CH, THE POSITIVE LEAD ON POURIZEO DISCRETE COMPONENTS. 

102. THE I/O FILTER CARO MUST HAVE FOUR 0K30ES TO PROTECT MLC6 a MLC9 FROM ELECTRO-STATIC DISCHARGE. THE 
ANOpES ARE CONNECTED TO XO. XI.YO.YI AND THE CATHGOES ARE CONNECTED TO *3 VOLTS. 

101 THE 410125 CARD IS THE SAVE AS THE 410972 CARO EXCEPT FOR THE DYNAMIC RAM ANO THEIR SOCKETS. 4972S0 ANO 
4972CO RtrEH TO BOTH 4I0I2S AND *10*72. 

104. THE 410128 MAY BE EOUIPPEO WITH ONE OF TWO DIFFERENT PROCESSORS: 

404132 PROCESSOR: 

ML3I3-4I65I4 1C CLOCK OSCILLATOR 2&8MHZ 
ML3IS-4041.32 1C BELLMAC 32A CPU 

4I0B62 PROCESSOR- 
MLBI3-N0 PART 

MLBB-4IC862 1C BELLMAC 32B CPU CARO ASM. 

109. MOTE THE FIRMWARE VERSION MUST BE COMPATIBLE WITH THE PROCESSOR USED ON THE CARO. SEE NOTE 104. 
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INFORMATION NOTES 

106. 

101 ALL VOvTAGCS ARE OC UNLESS OTHERWISE SPECIFIED. 

102. ALL RESISTANCE VALUES IN OHMS AND 1/4 WATT UNLESS 
OTHERWISE SPECIFIED. 

103. ALL CAPACITANCE VALUES IN MICROFARADS UM.ESS 
OTHERWISE SPECIFIED. 

104 REFER TO 410972 TERMINAL LOGIC CARO ASSEMBLY 
DRAWING FDR COMPONENT LOCATIONS. 

105. SUPPLY VOLTAGES FOR DUAL-IN-LINE INTEGRATED 
CIRCUIT PACKAGES: 



108. 



109. 
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ISSUE 
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OPTION STRAPS 

STPI 



/ 

L _ STRAP REMOVEO 

SHEET COORDINATE LOCATION LEGEND 
3 A 4 

COLUMN ACROSS SHEET BOTTOM 
ROW ALONG SHEET EOGE 

SHEET NUMBER 

CIRCUIT ELEMENT NOTATION 

ML * INTEGRATED CIRCUIT(S) 

OS * OPTION SWITCH 

RP ■ RESISTOR PACK 

CR • OIOOE 

STP • STRAP 

R • RESISTOR 

C • CAPACITOR 

X • CRYSTAL OSCILLATOR 

0 • TRANSISTOR 

THE NUMBER OR LETTER-NUMBER AFTER THE ELEMENT 
NOTATION IDENTIFIES THE SPECIFIC COMPONENT. 

LOGIC ELEMENT NOTATION 




CONNECTOR IDENTIFICATION 

J2 — -CONNECTOR DESIGNATION 

-^12 --PIN NUMBER 

MALE PIN—^ 

CAN ALSO BE SHOWN AS J2-I2 


III. LOGIC BUS NOTATION 
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HEAVY LINE INDICATES BUS HAVING A *1 TO l' 
RELATIONSHIP OF LEADS ENTERING ANO LEAVING. 
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AA-NOT COMoBCTED 
TO BUS 


BB- CONNECTED 
TO BUS 
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THE LAST CHARACTER IN A SIGNAL NAME WILL EITHER BE A 
“I" OR A “8*; THIS INDICATES THE ACTIVE STATE OF THE 
SIGNAL I • LOGICAL I {HIGH): 0«LOGICAL 0 (LOW). 


C 


0 


* 
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2 


3 


4 



TIME'S 


AEDR04I 


PIC05 


PI006 


ADCR33I 


ADCR32I 


PI0D3 


PI004 


AOCR0II 


ADC Raw 


PICOI 


PI002 


PIOWEN3 


PI0EN8 


PICRST 


PI003 


PARAU.EC INTERFACE BIT 5 


PARALLEL INTERFACE BIT 6 


PARALLEL INT. ADDRESS BIT 3 


PARALLEL INT. ADDRESS BIT 2 


PARALLEL INTERFACE BIT 3 


PARALLEL INTERFACE BIT 4 


PARALLEL INT. ADDRESS 8IT I 


PARALLEL INT. ACORESS BIT 3 


PARALLEL INTERFACE SIT I 


PARALLEL INTERFACE BIT 2 


PARALLEL INT. WRITE ENABLE 


PARALLEL INT. ENA8LE 


PARALLEL INT. RESET 


PARALLEL INTERFACE BIT 0 


CONNECTOR DEFINITION 

i 


203. 


J3 PIN ASSIGNMENT 


PIN 

i 

SYMBOL 

nr? 

DEFINITION 

+ 12 VOLTS FROM SUPPLY 

-.ShST Lgc- 

2 

4 i2V 

4 12 VOLTS FROM SUPPLY 


3 

GNO 

OC GROUND 


4 

-I2V 

-l2 VOLTS 


5 

DCOKI 

+ 5 VOLTS IS GOOD 


6 

GNO 

OC GROUNO 


7 

+3V 

+ 5 VOLTS 


, 3 

+ 3V 

+ 5 VOLTS 


9 

GNO 

OC GROUNO 



204. THE 410972 AND 410128 MAY BE EQUIPPED WITH ONE OF 
TWO DIFFERENT PROCESSORS- 

404132 PROCESSOR: 

ML8I3-4I65I4 LC. CLOCK OSCILLATOR 28.8MH* 
ML8I3-404132 I.C. BELL MAC 32A 

410862 PROCESSOR: 

MLBI3-N0 PART 

MLBI3-410862 LC. BELL MAC 328 CPU CARD ASM. 


FIRMWARE IN POSITIONS MLGW.MLHIA, MLXI4,MLL>4, MLGIS, 
MLHI5, MLXI3, VLLI3 MUST BE COMPATIBLE WITH THE 
PROCESSOR USED. REFER TO 410972 OR 4K3I28 DRAWING 
FOR FIRMWARE COMPATIBILITY. 
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404132 (32A) PROCESSOR TIMING 


*»» 


r- i -1-1-1-1-1-1-1-1-1-n-1-r“-1—■—t — 

7.2MHz CYCLES 4 . 8 12 16 20 4 ' 8 12 !6 20 4 8 12 16 1 20 


OPERATION 


WRITE 


READ 


INTERRUPT 


R1W0 


^-PREVIOUS VALID 

\El_ 


CURRENT VALID 



CURRENT VALID 


■PREVIOUS VALID 


MA221-MA021 


'HI 


CURRENT VALID 


ASS 




CURRENT VALID 



\ 


£ 


PREVIOUS VALID 


I 


VALID ACKNOWLEDGED INTERRUPT 


LEVEL 



DS0.WS30-WS00 


l _J 



WSEL00!tAHIT0** 




a 




MD3II-MOO0I 



{ 


DATA VALID 



DATA VALID 


/ interrupt\ 
-( VECTOR h 
\ VALID / 


XIPL3B-XLPL00 


PREVIOUS OR NO INTERRUPT PENDING 


PREVIOUS OR NO INTERRUPT PENOING 


PRIORITY LEVEL OR CURRENT 
INTERRUPT REQUEST VALO 


NEXT OR NO FURTHER 
INTERRUPT PENOING 


IACK0 


* 




OURING A RAM READ OR WRITE OPERATION WSEL38 MAY GO LOW LATER 1 THAN INDICATED CAUSING THE PROCESSOR TO WAIT UNTIL 
THE RAM IS AVAILABLE. FOR ALL NON -RAM READ AND WRITE OPERATIONS, WSELOO OR CAHITD WILL GO LOW WHEW A SO IS LOW. 


\ 


CAUSES A IS CYCLE READ OPERATION. CYCLES 12 THROUGH 15 ARE OMITTED FROM THE READ. 
NX It FOR 410862(3261 PROCESSOR TIMING, REFER TO PACE E6. 


I 1 
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HORIZONTAL TIMING 

■JMHz CLOCK CYCLES o - 10 « «j* 

MLC4-6 ■ ——- -- 

AOOCNT 


DISPLAY TIMING ( fs-7 display timings fs-8display address) 


rsetssSS & 


• — r> qi ' 

10 fl m 


S o S n S ? 3 3 a ■ 8 


, _ n t 

£ 2 - 2 



I > ADDRESS COUNTER ENABLE 


RAM ADORESS TO 
READ 25 WORDS 


RAM AODRESS FOR DISPLAY READ 


2 5 4 5 6 7 8 9 I 10 I II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 


MLC4-T 

OREQI 


MLC4-8 

VCEI 


MLC4-9 

IHCO 



NOT VERTICAL BLANK ONLY 




If REQUEST RAM 


I* VERTICAL COUNTER ENABLE{MUM, MLB3.M 


0* LOAD HORIZONTAL COUNTER ( MLA6, MLA5) 


MLC4-II 

ACOLOAD 



0 * LOAD AODRESS COUNTER! MLE5, MLE4, 
MLEU.MLE2) 



NOT VERTICAL BLANK ONLY 


JUIMJIMJLIIJIJIJIJIJIJL-- 


iD WORO INTO LOW SPEED VIDEO SHIFT 
1.1MLF2 TO MLF5) 


MLC4-I3 

SV8I 



I ■ SAMPLE VERTICAL BLANK 


MLC4-I4 

HCTNC 




■ HORIZONTAL SYNC MONITOR 


HORIZONTAL SCAN 
CYCLE 


HORIZONTAL RETRACE B_ANKED 


HORIZONTAL TRACE DISPLAYED' 


I 64 KHz CLOCK X _ 
CYCLES 2 °. 



■ V, 



0* VERTICAL SYNC MCNITOR 


I* VERTICAL 81 \NK 


VERTICAL TIMING 


IMLC3-8 
I LVCO 



0 »LOAD VERTICAL COUNTER 
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VIDEO TIMING 


FS-9 VIDEO TIMING 8 SHIFT REGISTERS 


32 MHi CLOCK CYCLES 


MLH3-6 

LLSSRO 



O'LOAO LOW SPEED SHIFT REGISTER 
I -SHIFT LOW SPEED SHIFT REGISTER 


MLF2-I3 TOMLF5-I31DOTS) Y 32 “29 Y 28 ~ 25 


20-17 X 16-13 I 12-9 


32-29 X 28-25 X 24- 


low SPEEO SHIFT REGISTER C/TPUTS 


MLH2-3 

LHSSRO 



0-LOAD HIGH SPEED SHIFT REGISTER 
I - SHIFT HIGH SPEEO SHIFT REGISTER 


MLDI3-I2(C0TS> 


JOBE 


VIOEO-HIGH SPEED SHIFT REGISTER OUTPUT 
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CUC34 44L2-I 
AS4IL2-3 
MOUSE® * MUCI2-II 
PAL-A-ML2-I7 

PA I_B-Mt2-I6 

OTACK -ML2-I9 


TRACE memory • 


4I0862(32B) PROCESSOR TIMING 


EPRCM READ-TWO WAIT STATES 


QUART. ACCESS-TWO WIT STATES 


BRAM READ-ONE WAIT STATE 


CLK34-IC2-I 
A3-*4.2 “3 
EP*0M_C£-MLT13*4 
EPROM.OE- MUE7-3 

PA I_A-ML2-I7 

PALJ-ML2-IC 
OTACK-ML2H9 


TRACE MEMORY • 


c«m^., pi_rljV1-4-4-T^ 

ru__i—i— l n r - ] r - ! i «-•«*-» n 4 _i_i_t_n—i—i—i—r r.r~n «-«*-» ru_i_un Tru_i_i_ utt. 



ML02*0| l 


OUARTXE 


p Al_A-ML2-I7 

PAL_ 8 -ML2-KS 


OTACK-MLZ-<9 


TRACE MEMORY « 



9RAALOC ML7-II 
PAL_A -4C2-I7 


PAL-B-ML2-I3 
DTACK 442-19 


TRACE MEMORY 


W1CE MOCE 23r»/ 
SAMPLE - lOOnt/dnr 


TlMC-X-0 *«00« 


WIOE MODE 2Sna/ 
SAMPLE-IOOn*/«<i» 


TIME-K-0 -600«* 



WIDE MCOE 23n*/ 
SAMPLE lOOn»/di* 


tFm£~ xJo"»’500nt~’~ 


More* 

DU ART READS ANO WRITES ARE EQUIVALENT WITH THE 
EXCEPTION THAT QUART WRN iMLAU-8) IS ASSERTED 
ON A WRITE AND QUART RON (ULAII-9IIS ASSERTED 
ON A READ. 


NOTE: 

BRAM WRITE IS EQUIVALENT EXCEPT THAT BRAM-WE 
tMLET-aHS ASSERTED INSTEAO Of BRAAL.CE. 


MOUSE READ-ZERO WAIT STATE 


RAM READ CYCLE 


RAM WRITE CYCLE 


WIOE MOOE IOi 
sample- 40 m 


n- 


r— 

i 

n. 


i 



—rr 

t_ 

i 


"1- 

i 

^_ 

_ 

_ 

— T 

!— 
1 


IT 

1 

i— 

— 

or 

i 


« 

i 



“4- 




rH 


CUC344K2-I 

AS-»42-3 

RAMfJ-*4X2-7 

RAS-MUG6-* 

CAS-MLC3-M 

PUDAO-MUI-K) 

OTACK 442*19 


Pi- r V|4 J 1-4^ 

I I—L—i— 


>- 


i 
i 
i 

TRACE MEMORY « 


£ 


1 AS4M2-S 


: 11 

i <i 

TUI 


RAMfl-MLCC-7 

RAS 44 X 6 -J 6 


CAS44UG6-I4 I 
I 

WRSTa-MLH-3; 


n 

? i 


i 

DTACX-ML2-I9 I 
I 
I 

TRACE fcCMCPY* 


TIME-X_0«400n* 


WIDE MODE 23 ml 
SAMPLE-I00n*/div 


TIME-X.0 ■ \m% 


WIOE MCOE 23 ml 
SAMPLE I00n»7dl» 


TIME-X.0-800n» 


NOTE- 

RAM READ CYCLES ARE AT LEAST 600 NSECtTWO WAIT 
STATES! BUT MAY TAKE LONGER CEPENCRfCCM THE STATE 
Of THE MEMORY ARBITER AT THE ASSERTION CF RAMQ. 


ISSUE 


I 


ADDCLK WRITE"-ZERO WAIT STATE 



WIOE MOOE K5/n« 
SAMPLE 40ni/div 


TIME-X.0 «400 ni 


INTERRUPT ACKNOWLEDGE CYCLE 
ZERO WAIT STATE 




ii 

-M 


CLK 34 - 4 C 2-4 
AS-ML 2-3 
PAL.A 442-47 
PAI—B -MC 2 -I 6 
TACK -MC 2 -I 9 
DTACK-ML 2 -I 9 


TRACE MEMORY 



-!- 1 - 1 - 1 — 

i 

! 1 !! 

* i 


! 

! !! 

i i 

i ri-i 

! ' 

! : ii 

! ! 

i 

i ! ii 

1 S I l 
—!— 1 —!— 1 — 

: i 

! 

1 * II 




WIDE MOOE KJ n» 
SAMPLE-40 nt/4!» 


TIME- X—Q ■400m 


NOW- 

RAM WRITE CYCLES ARE AT LEAST AOO NSEC UERO WAIT- 
STATE) BUT NAY TARE LONGER CERENCING ON THE STATE 
Of THE HENORY ARBITER AT THE ASSERT!OH OE RAN0. 


II TIMING SHOWN 8 TYPICAL, AS MEASURED ON A SATO, EQUIPPED WITH A PROTOTYPE 410882 CARO. 

21 TIMING DIAGRAMS ARE REFERENCED TO CUCJ4 STATES (TWO STATES PER CYCLE). EACH CYCLE BEGINS 
WITH STATES 0.1.2.3 ANO ENOS WITH STATES 4.S.X.X (4.5 ANO TWO VESTIGIAL STATES). AOOITIONAL 
STATES IN BETWEEN STATES 3 ANO 4 ARE WAIT STATES. 

SI EACH TRACE SHOWS AN ENTIRE REAO. WRITE OR INTERRUPT ACKNOWLEDGE MACHINE CYCLE. THE CYCLE 
BEGINS AT THE LEADING EDGE OF CLK34 IN STATE 0 (MARKED X) ANO ENOS AT THE TRAILING EDGE OF 
THE SECOND VESTIGIAL STATE (MARKEOO). CYCLE DURATION IS INDICATED AT BOTTOM RIGHT CORNER 
OF TRACE AS TIME X-0. 


41 PAL-A. PAl.B ARE LS8 ANO SECOND LS8 OF PAL COUNTER. RESPECTIVELY. THESE SIGNALS ARE SHOWN 
MVERTEO ON TIMING DIAGRAMS 

SI IN ALL REAO CYCLES,DATA MUST BE SET UP FOR THE CPU IS w< PRIOR TO THE LEADING EOGE CLKJ4. STATE 3. 

61 IN ALL WRITE CYCLES. OATA IS HELD VALIO BY THE CPU TILL THE TRAILING EOGE OF CLX34 IS IN THE 
SECOND VESTIGIAL STATE. 

71 OTACK MUST BE SET UP 27Rt PRIOR TO A RISING EOGE OF O.K34 TO GUARANTEE RECOGNITION ON THAT EDOE. 

4 


TELETYPE CORPORATION 

SKOKIE. ILLINOIS 


4972SD-E6 



















































BD-1 BLOCK DIAGRAM 



FS-15 

POWER 

DISTRIBUTION 


POWER 

SUPPLY 

CONNECTOR 


FS-14 

NON VOLATILE 
MEMORY 


FS-12 
EPROM AND 
SELECT LOGIC 


FS-13 

PARALLEL 

INTERFACE 


M008I ~ MOI5I . 


madz: jtrrr.mear 


MA92I-MA06I 


PARALLEL 

PORT 
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PAM DATA OUT 


SEU.DOI,PEM0JLCUO.RAS0g-30,CASC0-30 


O!SP0C«-OI$P15I 


riw 0 a os® 


MA02I - MA0SI 


FS-IO 

MOUSE DECODING 


UM.MBI.M82 



FS-9 '- 

VIDEO TIMING a 
SHIFT REGISTERS „ .. 




FS-6 

MEMORY 

ARBITER 


FS-7 a 8 
DISPLAY 
TIMING 




FS-II 

KEYBOARD 

AND 
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INTERFACES 


AUX PRINTER 
EIA RS232C 
CONNECTOR 



KEYBOARD 

CONNECTOR 
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Circuit Description Issue 2 


Section I 

CIRCUIT DESCRIPTION FOR THE 410972 
TERMINAL LOGIC CIRCUIT CARD 


OPERATION AND DESCRIPTION 0? THE CIRCUIT 


1. INTRODUCTION 


The Terminal Logic Circuit (TLC) card (410972) may contain either a WE 
32001/BELLMAC 32A (TPN 404132) processor or a WE 32100/BELIMAC 32B CPU Card 
Assembly (TPN 410862) as the terminal CPU* For those TLC cards equipped with 
the 32B CPU Card Assembly* disregard SECTION 2 of this document (with the 
exception of sections 2.11.1-2.11.2 and 2.11.5-2.11.7 which are relevant to both 
CPUs) and refer in it's place to the 4862 Circuit Description (4862CD). The CPU 
comm’tnicates with the peripheral devices such as Pual Asynchronous 

Receive/Transmit (DUART), Mouse XT Coordinate Counters (M0USEXY), and Parallel 

Input/Output (PI0) circuits. Ihe CPU reads and writes Dynamic Random Access 

Memory (DRAM), Battery Back-Up Random Access Memory (BBRAM), and Electrically 
Programmable Read Only Memory (EPRCM). Programs executed by the CPU are stored 
in the EPRCM (firmware) and the DRAM. DRAM programs are downloaded from the 
host computer over the EIA RS232C communications line. The CPU address space 

selects both peripheral addresses and memory addresses, so there is no 
distinction between peripheral and memory operations. The peripheral device 
circuits generate interrupts to the CPU when service is required. 

1.2 

The TLC card contains video logic that reads the DRAM and converts the bits into 
dots for the display, and generates horizontal and vertical synchronization 
signals to control the display monitor. 

1.3 

The TLC card has three connectors. A video connector links the card to the 
display monitor and supplies horizontal, vertical, and video signals. A power 
supply connector links the card to the +12, -12 and +5 volt power supply. An 
input/output connector links the DUART, M0USEXY, and PIO peripherals to the 
410973 1/0 Filter Card. 

1.4 

Voltage levels for logic signals are: 
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Voltage Voltage Range 

Low 0.0 to 0.4V 

High 2.4 to 5.5V 

1.5 

This document is constructed as follows: Level one heading titles correspond 
directly to individual blocks of the 4972SD Block Diagram (except for the 
section on the Address Space of the TLC Card). After giving a description of 
each block of the circuit a description of the corresponding Functional 
Schematics will be given. The notation used in this document is as follows: 

- A zero or a one appended to a module function symbol identifies if the 
signal is active low (0) or active high (1). For example, the 

physical-address strobe PASO is active low, while physical address PAD1 
is active high. 

- If a signal has two functions, the 0 to 1 suffix is embedded in the 
symbol name. For example, the function R1W0 identifies a read operation 
when the signal is high and a write when it is low. 

- In some cases, several signals as a group form a single function. For 
such functions, we always cite the highest and lowest signals (or bits) 
in the range. For example, consider the signals MA221-MA0O1 that form 
the address bus. The rightmost digit identifies the function as active 
high, while other digits correspond to the bit numbers of the bus. 
Therefore, MA221 is bit 22 of the address bus and MA001 is bit 0. (Bit 
numbering always starts at 0.) 

- Labeling convention for Logic Devices is as follows: 

ML H6 -9 

Micrologic Pin Number Designation 

Board Location 
Row-Col 


2. PS—1 - BELLMAC 32A PROCESSOR 

The BELLMAC 32A processor (CPU) fits naturally into the friendly software 
environment defined by the UNIX (UNIX is a trademark of Bell Laboratories) 
system and the C language. The CPU consists of five Very Large-Scale Integrated 
(VLSI) circuit devices mounted in a single 214 pin epoxy-glass package that 
measures 3.650 inches long, 2.190 inches wide, and 0.243 inches high. The 
module operates at 7.2 MHz with +5 Vdc of input power and dissipates about 4 
Watts. 





• I J 
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2.1 ARCHITECTURAL CHARACTERISTICS 

Some of Che architectural characteristics of the CPO are: 

- Sixteen 32-bit registers for processor and programmer use 

- An address arithmetic unit (AAU) that omputes addresses and extracts 
data from the instruction 

- A 33-blc ALU that performs arithmetic and logical operations 

- A 32-bit barrel switch that performs shift, rotate, and mask, operations 

- A macr ■ ROM for executing operating system instructions and 
microsequences 

- A 12-byte instruction queue for storing prefetched bytes from the 
instruction stream. 

2.2 IMSTROCTIOH SET 

2.2.1 The module supports a powerful instxuctJLon set that Includes the standard 
data transfer, arithmetic, and logical . operations for microprocessors, plus 
several unique operations. Its many program control instructions (branch, jump, 
return) provide flexibility for altering the sequence in which instructions are 
executed. Operating system instructions establish an environment that permits 
other processes to take control of the module. 

2.2.2 The processor's Instructions are essentially mnemonic-based assembly 
language statements. 3esides defining the operation to be performed, most of 
the module's instructions also define one of the data types (byte, half-word, or 
word). Other instructions operate an bit. fields (sequences of from one to 32 
bits that are contained in a word), or on blocks or strings of data locations. 

2.3 MODULE READ AMD WRITE 

2.3.1 Address and data are transferred within the processor in two stages. In 
a read or write operation, the module outputs the address during the first two 
CPU machine cycles of the access and uses the remaining machine cycles for data. 

2.3.2 The CPU requires a minimum of two machine cycles for data access. Thus, 
a read or write operation with cache (fast memory) requires at least four 
machine cycles. The same operation without cache requires at least five machine 
cycles. The n-aber of cycles available may be extended with a w. t. 

2.3.3 The module begins an access by driving address and status onto the 
corresponding module busses. After address and status have stabilized, the 
module asserts its address-and-status strobes (active low). The module then 
checks its fault input (active low) for an address fault. 


j 
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2.4 FAULTS 

2.4.1 Trying to write EPROM and wait timeout are CPU recognized faults. They 
are reported by an active fault input and terminate bus operation. 

2.5 I/O IHTERRUPTS 

2.5.1 The CPU is connected to two levels of I/O interrupts. Interrupt requests 
are acknowledged in an Lnterrupt-acknowledge cycle that has the same timing as a 
read operactoa. The. pciocLty LeveL of the interrupt being acknowledged is 
inverted and output on bits 2 through 5 of the address bus, and the Interrupt 
vector is read into the module on bits 0 through 7 of the data bus. 

2.5.2 After acknowledging the interrupt, the module completes its interrupt 
sequence which saves the context (internal pointers and registers) of the CPU 
for the current process. Then, control of the module passes to the operating 
system's interrupt handler. 

2.6 RESET 

2.6.1 The module handles two types of reset requests: system and internal. A 
reset has the highest priority and will interrupt any on-going bus operation. 

2.7 EXCEPTIONAL CONDITIOMS 

2.7.1 In addition to I/O Interrupts and reset requests, several types of events 
may Interrupt the execution of a program. The events, called exceptional 
conditions, may be detected Internally by the processor, such as a trap or 
illegal opcode, or may be generated externally by the hardware such as a memory 
fault (also see FAULTS). When an exception occurs, the CPU saves the context of 
the current process and gives the operating system information it needs to 
locate the correct exception handler. The saved context enables the program to 
resume executing after the exception is handled. 

2.8 DATA HANDLING 

2.8.1 Internally, all operations are performed on 32-bit quantities, but data 
may be read or written as a byte, half-word, or word. Bits are numbered from 
right to left, starting at 0, and are right adjusted on the b i (both the data 
bus and the Internal mlcrobus). The CPU automatically extends a byte or half¬ 
word to 32 bits before performing an operation. Zeros fill the high-order bits 
for unsigned operations, while the sign bit (bit 7 for bytes, bit 15 for half¬ 
words) fi’ls the high-order bits for signed operations. 
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2.9 DATA XX MEMORY 

2.9.1 External memory consists of a series of 8-bit locations for storing data. 
Half-words occupy two consecutive memory locations; words occupy four 
consecutive memory locations. Although boundary restrictions apply to the 
starting location of half-words and words, th» module does not generate a fault 
if these boundaries are violated. 

2.10 FIX ASSIGNMENTS 

2.10.1 Table 1-1 identifies the symbol, pln(s), type, and function assigned to 
each pin of the BELLMAC 32A processor used by the TLC card. The type may be 
voltage level, input (1), output (0), or bidirectional input and output (I/O). 
Pins 001 thro< -jh 072 are voltages. Of these signals, pins 004 , 008 , 012 , 020, 
024, 028, 032, 036, 040, 044, 048, 052, 056, 060, 064, 068, and 072 supply +5 
Vdc power to the module, while the other 62 pins serve as module grounds. 
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TABLE 1-1 MODULE SIGNALS Bt FUNCTIONAL GK0U7S 


NAME 

MA[02-22^1 


MD[00-31l 


PIN(S) 

127, 230, 131, 222, 
234, 135, 151, 250, 
147, 246, 238, 139, 
242, 143, 129, 232, 
133, 236, 228, 125, 
224 


ADDBESS AND DATA 
TYPE) 

■ Ol Modu! 


225, 

122, 

126, 

229 

130, 

221, 

233, 

134 

152, 

251, 

148, 

247 

239, 

140, 

243, 

144 

128, 

231, 

132, 

235 

227, 

124, 

223, 

120 

138, 

241, 

253, 

142 

245, 

146, 

249, 

150 


FUNCTION 


Module Address Bus. These pins are 
the physical address outputs. 

Outputs are valid when ASO is 
active. Bits MA[02-06] are also 
used to output the interrupt 
acknowledge level during an 
interrupt acknowledge operation. 

MA00 is the least significant data 
bit. _ 

Module Data Bus. These pins provide 
a bi-directional bus to transmit 
data and interrupt vectors to and 
from the module. MD00 is the least 
significant data bit. 


NAME 

LACK0 


PIN(S) 

210 


204, 20/, 
206, 205 


1HTERBHPT SIGNALS 

TYPE | _ FUNCTION _ 

O Interrupt Acknowledge. Indicates that an 

interrupt vector fetch is being performed. 

The interrupt vector is always a byte 3 (bits 
_ 07-00) fetch. 

1 Interrupt Priority Level. These asynchronous 

inputs indicate the level of the highest 
priority pending interrupt. Level zero 
(XlPL[0-3]0 - 1111) indicates no pending 
interrupts. ' 


NAME 

KESETR0 


BESET SIGNALS 

FUNCTION 

Reset Request. An asyncnronous input to 
reset the module sampled twice per machine 
cycle* It must be detected active for two 
consecutive samplings before being accepted 
and esecured. 
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TAILS 1-1 HO DDLS SIGNALS ST IBNCgJCBIAE fflOTPST f coue f xmeJ T 


INTERFACE CONTROL 


Pises) 

TST” 


FUICTIOS 


CAHITO 


J FLTO 


WS[0-3JOj101, 157, 
156, 155 


WSHL00 


Address and Status Strobe. Indicates a valid 
address on the nodule address bus and valid 
module bus status on the status bus. Kodula 
bus status includes R1W0 and IACK0. 

Cache Hit. Indicates that the cache has a 
hit for the address of the read/write access. 
It is a synchronous signal and is valid at a 
pre-deternined time with respect to ASO. 
Composite Data Strobe. This output is the 
logical OR of the four Byte Data Strobes. 
FAULT. Notifies the module of an address or 
data cycle fault condition. It is treated as 
an asynchronous input for all address cycle 
faults and as a synchronous input for data 

cycle fsalts. _ 

Byte write Strobes. Indicates data is valid 
on that byte of the module data bus during a 
write operation. WS00 represents byte 0 
(bits 33F-WJ WS10 represents byte l (bits 
23-16), WS20 represents byte 2 (bits 15-08), 

and WS30 represents byte 3 (bits 07-00). _ 

Wait Selects. This input selects the minimum ' 
wait period to be inserted'before completing 
the data cycle. NOTE: This is normally an 
asynchronous input. Under appropriate timing 
conditions, however, the Wait Select will 
produce a synchronous wait period. 


0SCIN1 


PDI(S) 

212 


CLOCKS 


FUNCTION 


Oscillator In. Provides the module clock 
source. The basic CPU cycle rate is 1/4 of 
this oscillator frequency. 
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TABLE 1-1 MODULE SIGNALS BT FUNCTIONAL GROUPS (continued) 


TEST0 


PIN(S) 

263 


TEST SIGNALS 

FUNCTION 

Test. Causes all the above module outputs 
except the system clocks to go into a high 
Impedance state. 


2.11 FS-1 DESCRIPTION 

2.11.1 Interrupt Logic 

2.11.1.1 MLD11-6 Highest level interrupt used on card. Three interrupt 
sources from: 

1. EIA SS232C send buffer ready for data (INT232R). 

2. EIA RS232C receive data available (INT232S). 

3. PIO Interrupt (PI000). 

2.11.2 MLD11-8 Lowest level interrupt used on card. Three interrupt sources 
from: 

1. Keyboard receive data available (1NTKBD). 

2. Mouse buttons have changed, vertical blank- (60 Hz) baa started, or EIA 
RS232C (INTM0). 

3. CTS, DSR, DCD lines have changed 

4. PIO interrupt (PI001) 

2.11.2.1 MLD12-3, 5, 7, 9, 12. 14. 16, 18 Interrupt Vectors 

These six Interrupt sources cause 64 interrupt vectors to be generated. The 
Interrupt vectors point to a prioritized transfer vector table that points to 
the following six interrupt routines. 


* 
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3 Always 0 

5 Always 0 

7 0 - EIA RS232C receive routine. 

9 0 - EIA RS232C send routine. 

12 0 - PIO highest lrvel routine. 

14 0 » Keyboard rout e. 

16 0 » Mouse routine. 

18 0 - PIO lowest level routine. 
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2.11.3 Processor Clock 

2.11.3.1 MLB13-8 28.8 MHz clock for the processor. The processor generates 

14.4 MHz and 7.2 MHz clocks used for processor timing. 

2.11.4 Processor MLB15 

2.11.4.1 MD001 to MD311 Bidirectional data Bus connected to all *''>mory and I/O 
circuits. 


2.11.4.2 R1W0 Read, Vrlte output status line. 

2.11.4.3 WSOO to WS30 Byte iata true, for writing signals. Enables write 
signals to selected bytes of RAM when Che "processor has the RAM cycle. 

2.11.4.4 TESTO Floats processor outputs for testing bus. 

2.11.4.5 MA021 to MA221 Address true signal. 

Other processor signals are input from other parts of the circuit and are 
discussed as part of those circuits. Unused inputs are pulled to +5V. 

2.11.5 Address Decoder 

2.11.5.1 MLC12-15 EPROMO Enables the EPROM's, selects the EPROM cycle time as 
4 cycles when 0S1 - 8, 9 Is closed and as 5 cycles when it is open, and 
generates a fault when a program attempts to write EPROM. 

2.11.5.2 MLC12-13 DUARTO Enables the DUART for a 5 cycle access. 

2.11.5.3 MLC12-12 PIOO Enables the PIO for an asynchronous (TIME 0) external 
I/O access. 

2.11.5.4 MLC 1 2-11 M0USE0 Enables the MOUSE for a 4 cycle read. 

2.11.5.5 MLC12-10 ADDCLKO Enables the scroll address register for a 4 cycle 
write. 
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2.11.5.6 MLC12-9 BRAMO Enables the non-volatile memory for a 5 cycle read or 
write. 

2.11.5.7 MLC12-7 RAMO Enables the RAM for an asynchronous (ENSEL00) access. 
2.11.6 Watch Dog 

2.11.6.1 MLE9-15 Generates a fault when an asynchronous device is not ready 
after a quarter second time-out. 

2.-11-7 Field Clock 

2.11.7.1 MLC2-9 FIELD1 Generates a 30 Hz signal with transition at the start 
of vertical blank. 


3. ADDRESS SPACE 

3.1 OVERVIEW 


The CPU addresses 8,388,608 (2**23) bytes of memory and I/O logic on the TLC 
card. A word in memory consists of 32 bits and Is divided into 4 bytes. See 
Figure 1-1 for word division. 


31 24 23 16 15 87 0 

| BYTE 0 | BYTE l | BYTE 2 | BYTE 3 | 


Figure 1-1 Word Division 

In order to reduce the time required to select a peripheral or memory location, 
a simple address decoding scheme was used. A single decoder selects one of 
eight blocks of address space. Each block contains 256K word addresses 
(1,048,576 byte addresses). The block size is equal to the address space 
required when 256K DRAM packages are used in the DRAM block. See Figure 1-2 for 
the TLC card Memory Map. 

3. i ADDRESS SPACE ALLOCATION 

3.2.1 The first block addresses up to 64K words (000000 to 03FFFF) of EPROM. 
Addresses 040000 to 0FFFFF are reserved. 

3.2.2 The next bLock, addresses 100000 to 1FFFFF, is not used. 

3.2.3 Addresses 200000 to 2FFFFF are devoted to the DUART. The DUART has 
sixteen internal 8 bit registers, so it uses only sixteen bytes of the block. 
These registers are mapped onto the address space as shown in Figure 1-3. (See 
also Table 1-3). Note that only byte 3 of each word is used. All other unused 
bytes in the table along with addresses 200040 to 2FFFFF are reserved. 
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FIGURE 1-3 

Map of DUART Registers onto Address Space 
*: Indicates reserved byte location 



DUART 

ADDRESS 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 
13 
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3.2.4 Addresses 300000 to 3PFFFF are devoted, txr the PIO. The PIO port can be 
used to address up to thirty-two external & bit registers, so it uses only 
thirty-two bytes of the block. Byte 3 of the first 32 words of the specified 
space is used. Unused bytes in the first 32 words along with addresses 300080 
to 3FFFFF are reserved. 

3.2.5 Addresses 400000 to 4FFPFF are set f ide for the MOUSEXY. MOUSEXY uses 
the first word of this space, addresses 4_0000 to 400003. Addresses 400004 to 
4FFFFF are reserved. 

3.2.6 Addresses 500000 to 5FFFFF are set aside for the Display Start Address. 
This 16 bit address is located In byte 0 and byte I of the first word of the 
specified space and can only be written. This start address must be written 
using only the half-word addressing modes. Memory addresses 500002 to 5FFFFF 
are reserved. 

3.2.7 Addresses 600000 to 6FFFFF are devoted to B8RAM. The 2K bytes needed for 
the 3BRAM. axe. located in byte 2 of the first 2K words of the spec 'led memory 
space. The first byte occurs at address 600002 and the last byte occurs at 
601FFE. All other addresses in this space are reserved. 

3.2.8 The next 64k x 32 bits, addresses 700000 to 73FFFF, is devoted to basic 
DRAM (Display Area). Addresses 740000 to 7FFFFF of DRAM is for future RAM. 


4. FS-2, 3, 4, 6 5 DYNAMIC RANDOM ACCESS MEMORY (DRAM) 

4.1 DESCR1FT101 

The TLC card is capable of utilizing either 64K x 32 bits or 256K x 32 bits of 
DRAM, depending on which of two RAM packages, 64K x 1 bit or 256K. x 1 bit, is 
used. Both modules use a 16 pin package but the 256K. pack requires one extra 
address line to provide access to its additional memory. This extra address 
line is always wired in but is not used by the 64X x I bit package. 

4.1.1 Since Dynamic RAM is used, it is necessary to refresh the least 
significant bits of address every 2msec. This is done when the video circuit 
reads DRAM to refresh the display. 

4.1.2 To read and write DRAM the following control signals, in addition to the 
data 1/0 and address lines, are needed: 

1. Row Address Select (RAS): On the falling edge of the RAS e‘ ’nal the least 
significant address levels are loaded into the RAM. 

2. Column Address Select (CAS): On the falling edge of the CAS signal the 
most significant address levels are loaded into RAM. Also, when CAS is 
low the RAM can be read from or writtea to. 
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3. WRITE: When the WRITE signal is low, during CAS low, data can be written 
and when the WRITE signal is high data can be read. 

4.2 FS-2, 3, 4, 4 5 DESCR1PTI0H 

4.2.1 Address Multiplexer 

4.2.1.1 MLE6, MLF6, MLF7, MLF8, MLF9 Selects the processor or display address 
and selects the row or column address for the RAM. 


4.2.2 Address Drivers 

4.2.2.1 MLG7-12, 18 Drive the RAM address bus. 

4.2.2.2 MLG8-12, 18 Drive the RAM address bus. 

4.2.2.3 MLG6-12, 18 Drive the RAM address bus. (256K RAMS only) 

4.2.3 RAM 

4.2.3.1 MLL5 to MLL8, MLL10 to MLL13 RAM for 64K x 32 or 256K x 32 bits of 

memory. 

4.2.3.2 MLK5 to MLK8, MLKIO to MLK13 RAM for 64K x 32 or 256K x 32 bits of 

memory. 

4.2.3.3 MLJ5 to MU8, MU 10 to MLT13 RAM for 64K x 32 or 256K x 32 bits of 

memory. 

4.2.3.4 MLH5 to MLH8, MLH10 to MLH13 RAM for 64K x 32 or 256K x 32 bits of 

memory. 


4.2.4 RAM Data Out Registers for the Processor 


4.2.4.1 MLL9, MLK9, MU9, MLG9 Hold the processor's RAM data so display 
servicing can continue. 


5. PS-6 MEMORY ARBITER 
5.1 OVERVIEW 

The DRAM hcs a arbiter circuit that determines whether the BELLMAC 32A processor 
or the video ircuit has access to memory. The circuit operates on a first come 
first served basis. If memory is busy the processor or video circuit has to 
wait for the other to complete its memory cycle. Once memory is given to the 
processor or video circuit there are five steps to be performed to complete the 
access cycle. First, the address multiplexers are switched to the processor or 
video circuit. Next, the RAS signal is generated to load the least significant 
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bits of the address. The address suit ip lexers' are then switched to the most 
significant bits of the address and the CAS signal is generated to load these 
bits. Finally, the read or write operation is performed. 

5.2 DETA1LS9 DSSCRIPTIOS 

The following description of the Memory Arbiter is based on TABLE 1-2. Each 
numbered entry of this description correspond! iirectly to the state numbers in 
TABLE 1-2. In the following explanation it shall be assumed that only the 

processor is requesting RAM for a read at write. 

1. Initial condition of the arbiter given that no display or processor 

requests have been generated for several cycles of the 32MHz clock input 
at MLA15-10. 

2. The Arbiter operation Is initiated with a request from the processor, 

MLE1-13. This low to high transition at MU1-4 clocks in a 1 on HU1-6 

and a 0 on MUl-7. This request is thea stored in the R-S latch (MU2) 

setting HU2-1 to 1. MLJ1-6 causes a zero to occur at MLL3-5. This zero 
will enable the binary counter (MLL2) on the next positive transition of 
the 32MHz clock. 

NOTE: All of the following state changes-age.:Initiated by every positive 
edge of the 32MHz clock, excluding state £77 

3. MLL2, binary counter, is enabled. NOTE: The counter's initial state is 

QA-1, QB-0, QOO, QD-l. 

4. Counter steps to 10. 

5. Counter steps to 11. This causes MLL2-9 to be active. 

6. The binary counter is loaded with zeros. This activates the RASO signal, 

MLL2-11. The RASO signal is fed to the binary shift register, which is in 
the parallel load state, and will be delayed 3 clock cycles and then 
generate CASO at MLL3-13. WRSTO is activated and ENSELOO is generated for 
a RAM write request. 

7. RASO complemented and delayed one clock eyele generates the SEL1 signal. 

8. RASO complemented and delayed 2 clock cycles disables the clear input of 
the J-K flip-flop (MUl-15). 

9. CASO is generated. 


j 

! » 

10. 

Counter steps to 4. 

i { 

U 

it 

u. 

Counter steps to 5. 

i; 

Vi 

n 

i * 




Teletype Corporation 
Circuit Description 


1-16 


4972CD 
Issue l 


12. Counter steps to 6. 

13. Counter steps to 7. 

14. ENSELOO is generated for a RAM read request. RASO is deactivated. This 
low to high transition of RASO clocks in a 0 on MLJ1-9 which causes MLJ1-7 
to go to l clearing the R-S latch of the processor request and seta MLL2-5 
to 1 which will disable the binary counter on the next clock pulse. 
PLOAD1 is activated. 

15. Counter is disabled and SEL1 is deactivated. 

16. CASO is deactivated. 

17. Some time later, depending on the BELLMAC timing, PREQ (MLEl-13) will be 
deactivated. 

A display request would generate the same sequence of events as the above except 
that DQ1 (MU2-4) would be 1 and ENSELOO, PL0AD1, and WRSTO would not be 
generated. If during a processor request a display request is generated, the 
arbiter will hold the display request until finishing the processor request and 
then immediately process the display request and vice versa* 
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5.3 JS-6 DKSCTLLrriOH 


5.3.1 RAM Timing Generator 


5.3.1.1 MLA15-10 32 MHz counter clock. The clock is fed through an 

EXCLUSIVE-OR for purposes of buffering and noise elimination. 

5.3.1.2 MLL2-11 RAS signal generated low for counts one through seven. 

5.3.1.3 HL.L3-11 SELl signal switches the RAM address multiplexers from the ROW 
to the COLUMN address one count after RAS. 

5.3.1.4 MLL3-15 Controls the end of the load signal used to clock the RAM data 
out registers. 

5.3.1.5 MLL3-13 CAS signal generated low for counts four through ten. 

5.3.2 RAM Data Available For The Display 

5.3.2.1 MLK1-7 Loads the RAM data out register for the display and resets the 
RAM request. 

5.3.3 RAM Data Available For The Processor 

5.3.3.1 MLJ1-10 Loads the RAM data out register for the processor. 

5.3.3.2 MU1-9 Resets the processor RAM request. 

5.3.4 RAS CAS Drivers 

5.3.4.1 MLGo-14, 16 Drive the RAM RAS and CAS bus. 

5.3.5 Display RAM Request 


5.3.5.1 MLK1-9 Hold the display RAM request until the display has accessed 
RAM. 

5.3.5.2 MLK1-10 Enables counter MLL2 to count from one to eleven thus 
i.eneratlng an eleven count memory cycle. 

5.3.6 Processor RAM Request 

5.3.6.1 MU1-7 Holds the processor RAM request until the processor has 
accessed RAM. 


5.3.6.2 MU1-6 Enables counter MLL2 to count from one to eleven thus 

generating an eleven count memory cycle. 
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5.3.7 



5.3.7.1 MLF1-3 Give the processor more time to set up data by delaying the RAM 
write signal. 


5.3.8 RAM Contention Latch 


5.3.8.1 MU2-1, 4 First come, first served memory cycle latch. A high on 
MLJ2-1 indicates the processor has the current RAM cycle. A high on MLJ2-4 
indicates the display has the current RAM cycle. 


5.3.9 RAM Data Out Enable 

5.3.9.1 MLK2-c Enables the RAM data out registers to drive the processor data 
bus during a processor read cycle. 


5.3.10 Processor Request Decode 


5.3.10.1 MLE1-13 PREQ1 is the Decoding of the processors RAM request. PREQl 
is active as soon as the address is true for read cycles, so the processor will 
operate with a minimum read cycle delay. For a write cycle PREQl is not active 
until the write data is true on the processor, so the RAM will not load bad 
data. 


5.3.11 RAM Read Ready For Processor 

5.3.11.1 MLH1-6 Prevents the processor from completing a RAM read cycle until 
the RAM has loaded the processor RAM data out registers. 


5.3.12 RAM Write Ready For Processor 


5.3.12.1 MLH1-10 Prevents the processor from completing a RAM write cycle 

until the RAM has granted the processor the current. RAM. cycle.. 


5.3.13 RAM Ready For Processor 


5.3.13.1 MLJ2-13 A low enables the processor to complete a RAM read or write 

cycle when the RAM has granted the processors RAM request. 


6. FS-7, 8, & 9 - DISPLAY TIMING, VIDEO TIMING, AND SHIFT REGISTERS 

6.1 OVERVIEW 

The Video circuitry is used to transform bits stored in the DRAM to images 
displayed on the screen. For proper circuit operation It is necessary to load 
the sixteen least significant levels of the start address of the tirst word to 
be displayed in the Display Start Address register located at SOOOOOti. 
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The display consists of a matrix of 800 dots by 1024 dots at 100 dots 
per inch resolution. At the beginning of the display cycle the start address of 
the first word stored in the Display Start Address register is loaded into the 
Display Address counter. As the display is scanned from left to right and top 
to bottom the Display Address counter reads consecutive locations in memory into 
the video shift register for serializing. The video shift register takes 32 
parallel data bits and converts them to a serial video signal. Since there are 
32 bits in each word read, 25 words are read each time the video beam traces the 
screen from left to right. This must be repeated 1024 times to fill the entire 
screen. In addition, the video circuit also generates horizontal and vertical 
synchronizing signals... The. synchronizing, signals control the monitor so the 
video Image is displayed properly. 

The video circuit provides an interlaced timing for flicker free 
operation at a 30Hz refresh rate. As stated above there are 1024 scans of the 

display. In interlaced operation odd scans are laid down in one pass followed 
by the even scans in the second pass of the screen. Each individual pass takes 
1/60 of a second so the entire screen is refreshed 30 times per second. 

6.2 FS-7 DISPLAY TIMING DESCRIPTION 


6.2.1 Vertical Scan Counter 

6.2.1.1 MLB4, MLB3, MLA2 Modulus 1067 counter counts from 0 to 1066 at 64.02 
kHz. Two counts for every horizontal scan. The 1067 horizontal scans are 
divided Into 533.5 foe the odd and even fields of the frame. The 533.5 scans 
per field are divided into 512 for the displayed part of the vertical scan, and 
21.5 for the retrace part of the vertical scan. 

6.2.2 Horizontal Scan Counter 

6.2.2.1 MLA6, MLA5 Modulus 128 counter counts from 0 to 127 using a 4 MHz 
clock. One count for every eight horizontal dots on the screen. The 1024 dot 
intervals are uivided into 800 for the displayed part of a horizontal scan, and 
224 for the retrace part of a horizontal scan. 


6.2 3 Vertical Scan Signals 


6.2.3.1 MLC5-2 DOG CLK1 60 Hz clock used foe the processor watch dog timer and 
the DUART vertical blank Interrupt circuits. 


6.2.3.2 MLC5-19 VSYNC Synchronizes the vertical deflection circuit In the 

display mr.iitor with the video signal. The vertical sweep frequency is 60 Hz. 


6.2.3.3 MLC2-6 Generates a vertical blank signal when the (Vertical scan is 
returning from the bottom to the top of the screen. 
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6.2.3.4 MLC3-8 Resets the vertical scan counter at count 1066. 

6.2.4 Horizontal Scan Signals 

6.2.4.1 MLC4-6 ADDCNT Enables the display address counter to increment 
twenty-five times during the displayed part of the horizontal scan and another 
twenty-five times during the retrace part of horizontal scan. The resulting 
twenty-five displayed addresses are used to read 800 RAM bits per horizontal 
scan into the video shift registers. The twenty-five retrace addresses are not 
used for this field but will be used on the next field to generate the other 
half of the scan lines. Notel The display uses interlaced scan, so the odd 
scans are displayed during the odd flerd and the even scans are displayed during 
the even field. An even field and an odd field (a frame) make up a complete 
image. The complete image must be refreshed 30 times a second. 

6.2.4.2 MLC4-7 DREQ1 Request twenty-five display RAM read cycles every 
horizontal scan. The requests are generated as soon as the display RAM data out 
registers are available. The RAM has 32 dot clock cycles to load t’.. requested 
data into the display RAM data out registers. If the display request had to 
wait for a processor request it would take a maximum of twenty-two dot clock 
cycles to load data. 

6.2.4.3 MLC4-8 Enable the vertical scan counter to increment twice every 
horizontal scan. The vertical scan counter increments at the end and middle of 
each horizontal scan. The odd and even fields are caused to interlace by 
starting vertical retrace at the end of a horizontal scan for odd fields and at 
the middle of a horizontal scan for even fields. 

6.2.4.4 MLC4-9 Resets the horizontal scan counter at count 127. 

6.2.4.5 MLC4-11 ADDLOAD Loads the start address register, which contains the 
address of the first 32 docs displayed, into the display address counter during 
vertical retrace blank when the display is not reading RAM. 

6.2.4.6 MLC3-15 Clocks the vertical blank signal on MLC2-6 so the vertical 
blank starts and ends during horizontal blank. Blank occurs when the horizontal 
scan is returning from the right to tho left side of the screen and when the 
vertical scan is returning from the bottom to the top of the screen. 

6.2.4.7 MLC4-14 HSYNC Synchronizes the horizontal deflection circuit in the 
display monitor with the video signal. The horizontal sweep frequency is 32.01 
kHz. 

6.3 FS-8 D1SP7\T ADDRESS DESCRIPTION 

6.3.1 Display Start Address Registers 
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6.3.1.1 MLD2, MLD3 These chips are loaded by the processor and contain the 
address of the first word of the first scan line displayed on the screen. 

6.3.2 Display Address Counter 


6.3.2.1 MLE5, MLE4, MLE3, MLE2 These chips are loaded from the display start 
address registers at the start of each field. The even scan line field uses the 
start address and the next twenty-four word addresses to read the 800 dots of 
the first scan (scan line 0). The address counter is then advanced twenty-five 
addresses during horizontal retrace blanks and the next twenty-five addresses 
are used for scan line 2. The odd scan line field advances the start address by 
twenty-five addresses before reading the first word of the second scan line 
(scan line 1). The entire display refresh cycle consists of: reading and 
displaying the even field (all the even scan lines from 0 to 1022). followed by 
reading and displaying the odd field (all the odd scan lines from l to 1023). 


6.4 FS-9 VIDEO TIKIBC 4 SHIFT REGISTERS DSSCR1PTI0H 


6.4.1 RAM Data Out Registers for the Displaj 


6.4.1.I MLG2, MLG3, MLG4, MLG5 These chips are loaded by the memory arbiter 
circuit in response to a request for data from the display timing circuit. They 
contain the next thirty-two dots to be loaded into the low speed video shift 
register. 


6.4.2.1 MLF2, MLF3, MLF4, MLF5 These chips are loaded from the RAM data out 
registers for the display. They are loaded in parallel with all thirty-two dots 
when the high speed video Shift Register is shifting the last four dots of the 
previous thirty-two dots. After loading, the four shift registers that .omprise 
the low speed video shift registers are shifted in parallel causing eight 
sequences of four dots to be presented to the high speed video shift registers. 
The low speed video shift registers are not loaded during retrace blank, but do 
continue to shift out a blank video. 


6.4.3 High Speed Video Shift Register 


6.4.3.I MLD13 This chip parallel loads the four dots from the low speed video 
shift registers and serially shifts out the dots at the display clock rate. 


6.4.4 Dot Counter 


6.4.4.1 MLC1' ; This chip is a counter used to divide the display clock into 
secondary clocks used in video timing. MLH2-3 loads the high speed, four bit, 
video shift register by generating one pulse every four display clocks. MLH2-6 
increments the horizontal scan line counter every eight displayed dots. MLH3-6 
loads the low speed thirty-two bit video shift register by generating one pulse 
every thirty-t^o display clocks. 


m 



Teletype Corporation 
Circuit Description 


1-23 


4972CD 
Issue 1 


6.4.3 Display Clock 

6.4.5.1 MT.A13 This chip generates a 32.77824 MHz dot signal used for video and 
RAM timing. This frequency is based on a 30 Hz refresh of 1067 scan lines where 
each scan line consists of thirty-two words and each word of thirty-two bits. 

6.4.6 Video Driver 

6.4.6.1 MLD9 This chip drives the video signal to the display monitor. 


6.4.7 Reverse Video Gate 

6.4.7.1 MLA15 This chip causes the video to be reversed (inverted) for the 
entice screen. Retrace blank is also blank for reversed screens because the 
blank input to the low speed video shift registers is also inverted. 


7. FS-10 - MOOSE DECODISC 

The MOUSEXY circuit is identical for the X and Y coordinates. Each coordinate 
has a 12 bit up/down counter. Serial signals from the mouse cause the counters 
to count up when the mouse is moved forward araLdown when moved backwards. No 
interrupts are generated by the MOUSEXY edbccrrfS' and the MOUSEXY counters can 
only be read. Since no in rrupts are generated the program either reads the 
MOUSEXY in a random fashion under program control or uses the vertical interrupt 
from the DUART circuit to read the MOUSEXY and update its cursor during video 
blank. 

7.1 FS-10 DESCRIPTION 

7.1.1 Y Mouse Counter 

7.1.1.1 MLC9, MKC8, MLC7 These chips are up-down counters that transform the Y 

movements of the mouse into a Y coordinate used to locate the mouse cursor on 

tie screen. The Y Mouse Counter Is identical to the X Mouse Counter in 
operation. See X Mouse Counter for more information. 

7«1.2 X Mouse Counter 

7.1.2.1 MLC6, MKD5, MLD4 These chips are up-down counters that transform the X 

movements of the muse Into a X coordinate used to locate the mouse cursor on 

the screen. PAL MLC6 contains circuits that convert the two serial clock 
signals X0, XI from the mouse into a count up-down control slgr l and a clock 
signal. MLC6 e-so contains a four bit up-down counter that provides the first 
four levels of the X coordinate and enables MLD5 to provide the second four 
levels of the X coordinate. MLD5 enables MliW Gnpamide the third four levels 
of the X coordinate. The mouse handler software reads* the counters and converts 
the 12 bit coordinate into the address of the mouse cursor. 
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7.1.3 Mouse Button Buffers 

7.1.3.1 ML D6-3 t 5,7 This chip isolates the MOS DUART from the external mouse 
buttons and provides input hysteresis to improve noise margins. 

8. FS-11 - KEYBOARD AND EIA INTERFACES 

8.1 DESCRIPTION OF THE DUAL ASYNCHRONOUS RECEIVE/TRANSMIT (DUART) 

The 404381 DUART provides two independent asynchronous receiver/transmitter 
channels in a single package. The operating mode and data format of each 
channel can be programmed Independently. Additionally, each receiver and 
transmitter can select its operating speed as one of eighteen fixed baud rates. 
The baud rate generator operates directly from a crystal. Each receiver is 

buffered to minimize the potential receiver overrun and to reduce Interrupt 
overhead in interrupt driven systems. 

8.1.1 The DUART, besides having 2 asynchronous serial send receive ports, also 
Interfaces the processor to individual I/O signals on the circuit board. 

8.1.2 Input 0, Input 1, and Input 3 (MB2, MB1, and MBO respectively) are 

connected to the 3 buttons on the MOUSEXY. Whenever a button is depressed or 
released the DUART will send an Interrupt to the processor if it is programmed 
to do so. In normal operation, depression and release of the MOUSEXY buttons 
causes data to be selected or moved. 

8.1.3 Input 2 (DOG CLK) is a signal from the video section that indicates the 
screen is blanked. This input will generate two interrupts to the processor 60 
times per second. Interrupts occur at the start (DOG CLK - 0) and end (DOG CLK 
“ O of vertical blank. Programs use this interrupt to update screen images 
such as the MOUSEXY cursor during blank so flicker does not occur. DOG CLK can 
also be used as a clock input to a Counter/Timer (C/T) circuit inside the DUART. 
The C/T circuit can generate time Intervals and interrupt the processor at the 
end of time out. 

8.1.4 Input 4, Input 5, and Input 6 (I?4,IP5, and IP6 respectively) are used to 
receive the following control information via the EIA RS232C line from the host 
computer. 

- IP4: Clear To Send (CTS) 

- IP*: Data Set Ready (DSR) 

- IP6: Data Carrier Detect (DCD) 

8.1.5 Output 0 and Output 7 (OP0 and 0P7) are used to control the EIA RS232C 
link to the host computer. OPO sends Data Terminal Ready (DTR) to the host and 
0P7 sends DTR ro an auxiliary send only EIA RS232C printer port. 

8.1.8 Output 1 tOPl) is used to invert the video signal. 

- OP l = 0: d'ark background 

- 0P1 = 1: green background 
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8.1.7 Output 3 (0P3) is used as the selection cnntmi line for multiplexing the 
send signal to the keyboard (0P3 - 1) or cte atrcfli ary ELA RS232C auxiliary 
printer port (0P3 *0). This signal can be used to direct the control words to 
the keyboard or direct data to the auxiliary printer. 

Note: The receive port from the keyboard is used only for the 'keyboard. 

8.1.8 Output 4, Output 5, and Output o (INT232R, 1NTKBD, and INT232S 
respectively) can be used to interrupt the processor. 1NT232R interrupts when 
data is received on the EIA RS232C port. INTKBD interrupts when data is 
received from the keyboard. LNT232S interrupts when the EIA RS232C send 
register is empty. The EIA RS232C line has dedicated serial I/O ports on the 
DUART. A general purpose interrupt to the processor Is used for other interrupt 
conditions such as the MOUSEXY buttons. 

8.1.9 Associated with the interrupt system are the Interrupt Mask Register 
(IHR) and the Interrupt Status Register (ISR). The IMR may be programmed to 
select only certain conditions to cause an interrupt. The ISR can ‘'e read by 
the CPU to determine all currently active interrupting conditions. 

8.1.10 The baud rate of all of the EIA RS232C send and receive lines can be 
programmed to be any commonly used baud rate. The baud rate of the keyboard 
interface is 4800 baud per keyboard requirements— When the keyboard send line 
is used for the auxiliarv printer, any nomacLbaud-rate can be used. The DUART 
interfaces to the processor by eight paralleF M tC P rec Cional data signals. 

8.2 BAUD RATS GENERATOR 

The Baud Rate Generator (BRG) operates from the crystal oscillator (XI) and is 
capable of generating 18 commonly used data communications baud rates ranging 
from 50 to 38.4K baud. The clock outputs from the BRG are at 16X the actual 
baud rate. The C/T can be used as a timer to produce a 16X clock for any other 
baud rate by counting down the crystal clock or an external clock. The four 
clock selectors allow the independent selection, for each receiver aud 
transmitter, of any of these baud rates or an external timing signal. 

8.3 COMMUNICATIONS CHANNELS 

The transmitter accepts parallel data from the CPU, converts it to a serial bit 
stream. Inserts the appropriate start, stop, and optional parity bits and 
outputs a composite serial stream of data. The receiver accepts serial data on 
the Receive Serial Data (RxD) pin, converts this serial input to parallel 
format, checks for start bit, scop bit, parity bit (if any), or break condition 
and sends an assembled character to the CPU. 
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8.4 INPUT PORT 

Pour change-of-state detectors are provided which are associated with inputs 
MB0, DOG CLK, MBl, and MB2. A high-to-low or iow-to-high transition of these 
inputs lasting longer than 25-50 micro-seconds will sat the corresponding bit in 
the Input Port Change Register (IPCR). The bits are cleared when the register 
is read by the CPU. Any change of state can also be programmed to generate an 
interrupt to the CPU. 

8.5 OUTPUT PORT 

The 8-bit multi-purpose output port can be used as a general purpose output 
port, in which case the outputs are the complements of the Output Port Register 

(OPR). 0PR[al“l results in 0P[nl-low and vice-versa. Bits ot the OPR can be 
individually set and reset. A bit is set by performing a write operation at 

address 20003B with the accompanying data specifying the bits to be set (l-set, 
0-no change). Likewise, a bit is reset by a write at address 20003F with the 
accompanying data specifying the bits to be reset (1-reset, 0-no change). 

8.6 TRANSMITTER 

The DUART is conditioned to transmit data when the transmitter is enabled 
through the Command Register (CR). The DUART indicates to the CPU that it is 
ready to accept a character by setting the Transmitter Ready (TxRDY) bit in the 
status register. This condition can be programmed to generate an interrupt 
request at 0P6. When a character is loaded into the Transmit Holding Register 
(THR), the above conditions are negated. Data is transferred from the THR to 
the Transmit Shift Register (TSR) when it is idle or has completed transmission 
of the previous character. The TxRDY conditions are then asserted again which 
means one full character time of buffering is provided. Characters cannot be 
loaded into the THR while the transmitter is disabled. 

8.6.1 The transmitter converts the parallel data from the CPU to a serial bit 
stream on the Transmit Serial Data (TxD) output pin. It automatically sends a 
start bit followed by the programmed number of data bits, an optional parity 
bit, and the programmed number of stop bits. The least significant bit is sent 
first. Following the transmission of the stop bits, if a new character is not 
ava .lable in the THR, the TxD output remains high and the Transmitter Empty 
(TxEMT) bit In the Status Register (SR) will be set to l. If the transmitter is 
disabLed, It continues operating until the character currently being transmitted 
is completely sent out. The transmitter can be forced to send a continuous low 
condition by Issuing a send break command. 

8.7 RECEIVER 

The DUART is conditioned to receive data when enabled through the command 
register. The receiver looks for a high to low (mark to space) transition of 
the start bit on the RxD input pin. If a transition is detected, the state of 
the RxD pin is sampled each 16X clock for 7-1/2 clocks. If the RxD signal Is 


« 
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sampled high, the start bit is invalid and tdoeaeaucch for a valid start bit 
begins again. If the RxD signal is still Taw, a valid start bit is assumed and 
the receiver continues to sample the input at one bit time intervals at the 
theoretical center of the bit, until the proper number of data bits and the 
parity bit (if any) have been assembled, and one stop bit has been detected. 
The least significant bit is received ' ’.rst. The data is then transferred to 
the Receive Holding Register (RHR) and the Receiver Ready (RxRDY) bit in the SR 
is set to a 1. Thin condition can be programmed to generate an interrupt at 
INT232R and INTKBD for the EIA RS232C input and the keyboard input respectively. 

8.7.1 After the stop bit is detected, the receiver will immediately look for 
the next start bit. However, if a non-zero character was received without a 
stop bit (framing error) and RxD remains low for one half of the bit period 
after the suop bit was sampled, then the receiver operates as if a new start bit 
transition had been detected at that point. 

8.7.2 The parity error, framing error, overrun error and receiv« -* break state 
(if any)- are strobed into the SR at the received, character houndary, before the 
RxRDY status bit is set. If a break condition is detected (RxD is low for the 
entire character Including the stop bit), a character consisting of all zeros 
will be loaded into the RHR and the received break bit in the SR is set to l. 
The RxD input must return to a high condition for at least one-half bit time 
before a search for the next start bit begins. 

8.7.3 The RHR consists of a First-In-FinfC-fct Data Buffer (FIFO) with a 
capacity of three characters. Data is loaded from the receive shift register 
into the topmost empty position of the FIFO. The RxRDY bit in the status 
register is set whenever oae or more characters are available to be read, and a 
FIFO Full (FFULL) status bit is set if all three stack positions are filled with 
data. Either of these bits can be selected to cause an interrupt. A read of 
the RHR outputs the data at the top of the FIFO. After the read cycle, the data 
in the FIFO and its associated status bits are 'popped' thus emptying a FIFO 
position for new data* 

8.7.4 In addition to the data word, three status bits (Parity Error (PE), 
Framing Error (FE), and received break) are also appended to each data character 
in the FIFO (overrun is not). Status can be provided in two ways, as programmed 
by the error mode control bit in the mode register. In the 'character' mode, 
status is provided on a character-by-character basis: the status applies only to 
the character at the top of the FIFO. In the characters coming to the top of 
the FIFO since thj last 'reset error' command was issued. The FIFO is 'popped' 
only when the RHR is read. Therefore the status register should be read prior 
to reading the FIFO* 

8.7.5 If the FIFO is full when a new character is received, that character is 
held in the receive shift register until an FIFO position is available. If an 
additional character is received while this state exists, the contents of the 
FIFO are not affected: the character pren&ously in the shift register is lost 
and the overrun error status bit (SR[4)} will be set upon receipt of the start 
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bit of the new (overrunning) character. 

8.7.6 If the receiver is disabled, the FIFO characters can be read. However, 
no additional characters can be received until the receiver is enabled again. 
If the receiver is reset, the FIFO and all of the receiver status, and the 
corresponding output ports and interrupt are reset. Ho additional characters 
can be received until the receiver is enabled again. 

8.8 PROGRAMMING 

The operation of the DUART is programmed by writing control words into the 
appropriate registers. Operational feedback is provided via status registers 
which can be read by the CPU. The addressing of the registers is described in 
Table 1-3. 

Table 1-3 DUART REGISTER ADDRESSING 


ADDRESS! 


WRITE 


200003 Mode Register A(MR1A,MR2A) (Mode Register A(MR1A,MR2A) 
200007 Status Register *A(SRA) Clock Select Reg. A(CSRA) 

20000B ‘Reserved* Command Register A(CRA) 

20000F RX Holding Register A(RHRA) TX Holding Reg. A(THRA) 

200013 Input Port Chg. Reg.(TPCR) Aux. Control Reg. (ACR) 
200017 Interrupt Status Reg.(ISR) Interrupt Mask Reg. (IMR) 
20001B Counter/Timer Upper (CTU) C/T Upper Register (CTUR) 
20001F Counter/Timer Lower (CTL) C/T Lower Register (CTLR) 
200023 Mode Register B(MR1B,MR2B) Mode Register B(MR1B,MR2B) 
200027 Status Register B(SRB) Clock Select Reg. B(CSRB) 

20002B ‘Reserved* Command Register B(CRB) 

20002F RX Holding Reg. B(RHRB) TX Holding Reg. B(THRB) 

200033 ‘Reserved* ‘Reserved* 

200037 Input Port Output Port Conf.Reg.(OPCR) 

20003B Start Counter Command Set Output Port Bits Command 

j 20003F Stop Counter Command Reset Otpt Port Bits Command 


8.8.1 The contents of certain control registers are initialized to zero on 
RESET. Care should be exercised if the contents of a register are changed 
during operation, since certain changes may cause operational problems. For 
example, changing the number of bits per character while the transmitter is 
active may cause the transmission of an Incorrect character. In general, the 
contents of the Mode Register (MR), the Clock Select Register CSR, and the 
Output Port Configuration Register 0PCR should only be changed while the 
recelver(s) and transmltter(s) are not enabled, and certain changes to the 
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Auxiliary Control Register ACR should only be made while the C/T is stopped. 

8.8.2 Mode Registers l and 2 (MR1 and MR2 respectively) of each channel are 
accessed via independent auxiliary pointers. The pointer is set to MR1A (MR1B) 
by RESET or by issuing a "reset” command via the corresponding command register 
CRA (CRB) or at Power On Reset (POR). Any read or write of the mode register 
while the pointer is at MR1A (MR13) switches he pointer to MR2A (MR2B). The 
pointer then remains at MR2A (MR2B), so tha*. subsequent accesses are always to 
MR2A (MR2B) unless the pointer is reset to MR1A (MR1B) as described above. 

8.8.3 Mode, command, clock select, and status registers are duplicated for each 
channel to provide total independent operation and control. Refer to Table I-4a 
and I-3b for register bit descriptions. 
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BIT7 

BITS 

BIT5 

BIT4 BIT3 

B1T2 

Bill BITO 


RX RTS 
CONTROL 

RX INT 
SELECT 

ERROR 

MODE 

PARITY MODE 

PARITY 

TYPE 

BITS PER CHAR 

MR1A 

MR1B 

0-no 

l-yes 

Must be 0 

0-RXRDY 

1-FFULL 

0-char 

l-block 

00-with parity 
01-force parity 
10»no parity 
ll-not used 

0-even 

i-odd 

00-5 

01-6 

10- 7 

11- 8 



BIT7 BIT6 

BIT5 

BIT4 

BIT3 

B1T2 

BIT1 

BITO 


CHANNEL MODE 

TxRTS 

CONTROL 

CTS 

ENABLE Tx 


STOP BIT 

LENGTH* 


MR2A 

"UU-normal "~~ l 

U-no 

U-no 

U-U.50J 

" '4-U.TTIT - 

"8-T758T" 

0-1.81J 

MR2B 

01-Auto echo 

l-yes 

l-yes 

1-0.625 

5-0.875 

9-1.625 

D-1,875 


10-Local loop 



2-0.688 

6-0.938 

A-1.688 

E-1.938 


11-Remote loop 

Must be 0 

Must be 0 

3-0.750 

7-1.000 

B-1.750 

F-2.000 


*Add 0.5 to values shown for 0-7 if channel is programmed for 5 bits/char. 


CSRA 

BIT7 BIT6 BIT5 BIT4 

RECEIVER CLOCK SELECT 

BIT3 BIT2 Bill BITO 

TRANSMITTER CLOCK SELECT 

CSRB 

see text 

see text 



BIT7 

BIT6 BITS BIT4 

B1T3 

B1T2 

BIT1 

BITO 


not 

used 

MISCELLANEOUS COMMANDS 

DISABLE Tx 

ENABLE Tx 

DISABLE Rx 

ENABLE Rx 

CRA 

must 

see text 

0-no 

0-no 

0-no 

0-no 

CRB 

be 0 


l-yes 

l-yes 

l-yes 

l-yes 



BIT7 

BIT6 

BIT5 

BIT4 

BIT3 

B1T2 

Bill 

BITO 


RECEIVED 

BREAK 

FRAMING 

ERROR 

PARITY 

ERROR 

OVERRUN 

ERROR 

TxEMT 

TxRDY 

FFULL 

RxRDY 

SRA 

0-no 

0-no 

0=no 

0-no 

0-no 

0-no 

0-no 

0-no 

J SRP 

l-yes 

* 

l*yas 

* 

l-yes 

* 

l-yes 

l-yes 

l-yes 

l-yes 

l-yes 


♦These status bits are appended to the corresponding data character in the FIFO. 
A read of the status register provides these bits (7:5) from the top of the FIFO 
together with bits 4:1. These bits are cleared by a 'reset error status' 
command. In character mode they are discarded when the corresponding data 
character Is read from the F T F0. 
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8.9 CHANNEL A AMD B MODS REGISTER ONE 

A. MR1A - EIA RS232C MODE REGISTER 

B. MR1B - KEYBOARD (SEND ONLY AUX. PRINTER) MODE REGISTER 

8.9.1 MR1{7] MUST BE 0. 

8.9.2 MR1[61 - Receiver Interrupt Select - This bit selects either the channel 
receiver ready status (RXRDY) or the channel A FIFO full status (FFULL) to be 
used for CPU interrupts. It also causes the selected bit to be output on 0P4 if 
it is programmed as an interrupt output via the OPCR. 

8.9.3 MR1(5] - Error Mode Select - This bit selects the operating mode of the 
three FIFO status bits (FE, PE, received break). In the "character" mode, 

status is provided on a character-by-character basis: the status applies only to 
the character at the top of the FIFO. In the "block" mode, the status provided 
in the SR for these bits is the accumulation (logical OR) of the status for all 
characters coming to the top of the FIFO since the last "reset error" command 
was issued. 

8.9.4 MR![4:3] - Parity Mode Select - If "with parity" or "force parity" is 
selected, a parity bit is added to the transmitted character and the receiver 
performs a parity check on incoming data. 

8.9.5 MR1[2] - Parity Type Select - This bit selects the parity type (odd or 
even) if the "with parity" mode is programmed by MR1[4:3], and the polarity of 
the forced parity bit if the "force parity" mode is programmed. It has no 
effect if the "no parity" mode is programmed. 

8.9.6 MR1 [ 1:0] - Bits per Character Select - This field selects the number of 
data bit3 per character to be transmitted and received. The character length 
does not Include the start, parity, and stop bits. 

8.10 CHANNEL A AND B MODE REGISTER TWO 

A. MR2A - EIA RS232C MODE 

B. MR2B - KEYBOARD (SEND ONLY AUX. PRINTER) MODE 

8.10.1 MR2[7:6] - Mode Select - Each channel of the QUART can operate in one of 

four modes. KR2[7:6]»00 is the normal mode, with the transmitter and receiver 
operating *ndependently. MR2[7:6]~0l places the channel in the automatic echo 
mode, which automatically retransmits the received data. The following 
conditions are true while in automatic echo mode: 

l. Received data is reclocked and retransmitted on the TxDA output* 
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2. The receive clock Is used for the transmitter. 

3. The receiver must be enabled, but the transmitter need not be enabled. 

4. The TxRDY and TxEMT status bits are Inactive. 

5. The received parity Is checked, but not regenerated for transmission, 

i.e., transmitted parity bit is as received. 

6. Character framing is checked, but the stop bits are retransmitted as 
received. 

7. A received break is echoed as received until the next valid start bit is 
detected. 

8. CPU to receiver communication continues normally, but the CPU to 
transmitter link is disabled. 

8.10.2 Two diagnostic modes can also be configured. MR2[7:6]“10 selects local 
loop-back mode. In this mode: 

1. The transmitter output is internally connected to the receiver input. 

2. The transmitter clock is used for the receiver. 

3. The TxDA output is held high. 

4. The RxDA input is ignored. 

5. The transmitter must be enabled, but the receiver need not be enabled. 

6. CPU to transmitter and receiver communications continue normally. 

8.10.3 The second diagnostic mode Ls the remote loop-back mode, selected by 
MR2[7:6]*ll. In this mode: 

1. Received data ls reclocked and retransmitted on the TxDA output. 

2. The receive clock is used for the transmitter. 


3. Received data is not sent to the local CPU, and the error status 
conditions are Inactive. 

4. The received parity is not checked and is not i generated for 

| transmission, i.e., transmitted parity bit is as received. 

} . 

i S. The receiver must be enabled. 

1 


t 

i 
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6. Character framing is not checked, and the stop bits are retransmitted as 
received. 

7. A received break is echoed as received until the next valid start bit ls 
detected. 

8.10.4 The user must exercise care when switching into and out of the various 
modes. The selected mode will be activated immediately upon mode selection, 
even if this occurs in the middle of a received or transmitted character. 
Likewise, if a mode is de-selected, the device will switch out of the mode 
immediately. An exception to this is switching out of auto-echo or remote 
loop-back modes: if the de-selection occurs just after the receiver has sampled 
the stop bit (indicated in auto-echo by assertion of RxRDY), and the transmitter 
is enabled the transmitter will remain in auto-echo mode until the entire stop 
bit has been retransmitted. 

8.10.5 MR2[51 - MUST BE 0. 

8.10.6 MR2[41 - MUST BE 0. 

8.10.7 MR2[3:0] - Stop Bit Length Select - This field programs the length of 
the stop bit appended to the transmitted character. Stop bit lengths of 9/16 to 
1 and 1-9/16 to 2 bits, in increments of 1/16 bit, can be programmed for 
character lengths of 6, 7, and 8 bits. For a character length of 5 bits, 1-1/16 
to 2 stop bits can be programmed in Increments of 1/16 bit. The receiver only 
checks for a 'mark' condition at the center of the first stop bit position (one 
bit time after the last data bit, or after the parity bit if parity is enabled) 
in all cases. 

8.11 CHANNEL A AND B CLOCK SELECT REGISTER 
A. CSRA - EIA RS232C CLOCK SELECT REGISTER 


B. CSRB - KEYBOARD (SEND ONLY AUX. PRINTER) CLOCK SELECT REGIS£ER 

8.U.I CSR(7:4] - Receiver Clock Select _ This field selects the baud rate 
clock for the receiver as foLlows: 


I 
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Baud Rate 
CLOCK-3.6864MHz 


CSR[7:4] ACR[7]-0 AC r 71-l 


0 0 0 0 
0 0 0 1 
0 0 10 
0 0 11 
0 10 0 
0 10 1 
0 110 
0 111 
10 0 0 
10 0 1 
10 10 
10 11 
110 0 
110 1 
1110 
1111 


50 

no 

134.5 
200 
300 
600 
1,200 
1,050 
2,400 
4,800 
7,200 
9,600 
38.4K 
Timer 
DO NOT USE 
00 NOT USE 


75 

110 

134.5 

150 

300 

600 

1,200 

2,000 

2,400 

4.800 

1.800 
9,600 

19.2K 
Timer 
DO NOT USE 
DO NOT USE 


8.11.2 The receiver clock is always a 16X clock. 

8.11.3 CSR[3:0] - Transmitter Clock Select - This field selects the baud rate 
clock for the transmitter. The field definition is as per CSR[7:4J. 

8.11.4 The transmitter clock is always a 16X clock. 

8.12 CHANNEL A AND B COMMAND REGISTER 

A. CRA - EIA RS232C COMMAND REGISTER 

8. CRB - KEYBOARD (SEND ONLY AUX PRINTER) COMMAND REGISTER 

8.12.1 CR7 - MUST BE 0. 

8.12.2 CR[o:4] - Miscellaneous Commands - The encoded value of this field may 
be used to specify a single command as follows: 


CR[6:4] COMMAND 

000 No command. 

001 Reset MR pointer. Causes the MR pointer 

to point to MR1. 

010 Reset receiver. Resets the receiver as If a 
hardware reset had been applied. The receiver is 
disabled and the FIFO is flushed. 

0 1 1 Reset transmitter. Resets the transmitter 
as If a hardware reset had been applied. 

100 Reset error status. Clears the Received 
Break, Parity Error, Framing Error, and Overrun Error 
bits In the status registers (SRA[7:4], Used In 
character mode and In block mode to clear all error status. 

101 Reset break change Interrupt. Causes the 
break detect change bit In the interrupt 
status register (ISR12J) to be cleared to zero. 

1 l 0 Start break. Forces the TxD output low (spacing). 

If the transmitter Is empty the start of the break 
condition will be delayed up to two bit times. If 
the transmitter Is active the break begins when 
transmission of the character is completed. If a 
character is In the TKR, the start of the break will 
be delayed until that character, or any others loaded 
subsequently are transmitted. The transmitter must be 
enabled for this command to be accepted. 

I 1 l Stop break. The TxD line will go high (marking) 
within rwo bit times. TxD will remain high for one 
bit time before the next character. If any, is 
transmitted. 

8.12.3 CR[3] - Disable Transmitter - This command terminates transmitter 
operation and resets the TxRDY and TxEMT status bits. However, If a character 
13 being transmitted or If a character Is In the THR when the transmitter Is 
disabled, the transmission of the character(s) Is completed before assuming the 
Inactive state. 

8.12.4 CR[2] - Enable Transmitter - Enables operation of the transmitter. The 
TxRDY status bit will be asserted. 





Teletype Corporation 
Circuit Description 


4972CD 
Issue 1 


8.12.5 CR[l] - Disable Receiver - This command terminates operation of the 
receiver immediately - a character being received will ba lost. The command has 
no effect on the receiver status bits or any other control registers. 

8.12.6 CR[0] - Enable Receiver - Enables operation of the receiver. Forces the 
receiver into the search for start-bit state. 

8.13 CHANNEL A AND B STATUS REGISTER 


A. SRA - E1A RS232C STATUS 

B. SRB - KEYBOARD (SEND ONLY AUX. PRINTER) STATUS 

8.13.1 SR(7J - Received Break - This bit indicates that an all zero character 
of the programmed length has been received without a stop bit. Only a single 
FIFO position is occupied when a break is received: further entries to the FIFO 
are inhibited until the RxD line returns to the marking state for at least one- 
half a bit time. 

8.13.1.1 When this bit is set, the Delta Break bit in the ISR is set. ISR is 
also set when the end of the break condition, as defined above. In detected. 



8.13.1.2 The break detect circuitry can detect breaks that originate in the 
middle of a received character. However, if a break begins in the middle of a 
cliaracter, it must persis- until at least the end of the next character time in 
order for it to be detected. 

8.13.2 SR[6] - Framing Error - This bit, when set. Indicates that a stop bit 
was not detected when the corresponding data character in the FIFO was received. 
The stop bit check is made in the middle of the first stop bit position. 


8.13.3 SR[51 - Parity Error - This bit is set when the 'with parity' or 'force 
parity' mode is programmed and the corresponding character in the FIFO was 
received with incorrect parity. 

8.13.4 SR[4) - Overrun Error - This bit, when set. Indicates that one or more 
characters in the received data stream have been lost. It is set upon receipt 
of a new character when the FIFO is full and a character is already in the 
receive shift register waiting for an empty FIFO position. When this occurs, 
the character in the receive shift register (and its break detect, parity error 
and framing error status, if any) is lost. This bit is cleared by a 'reset 
error status' command. 

8.13.5 SR[3] - Transmitter Empty (TxEtfT) - This bit will be et when the 
transmitter underruns, i.e., both the transmit holding register (THR) and the 
transmit shift register are empty. It is set after transmission of the last 
stop bit of a character if no character is in the THR awaiting transmission. It 
is reset when the THR is loaded by the CPU or when the transmitter is disabled. 
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8.13.6 SR[2J - Transmitter Ready (TxRDY) - This bit, when set, indicates that 
the THR is empty and ready to be loaded with a character. This bit is cleared 
when the THR is loaded by the CPU and is set when the character is transferred 
to the transmit shift register. TxRDY is reset when the transmitter is disabled 
and is set when the transmitter is first enabled. Notel Characters loaded into 
the THR while the transmitter is disabled will not be transmitted. 

8.13.7 SR[1J - FIFO Full (FFULL) - This bit is set when a character is 
transferred from the receive shift register to the receive FIFO and the transfer 

i causes the FIFO to become full, i.e., all three FIFO positions are occupied. It 

is reset when the CPU reads the RHR. If a character is waiting in the receive 
shift register because the FIFO is full, FFULL will not be reset when the CPU 
reads the RHR. 

8.13.8 SR[01 - Receiver Ready (RxRDY) - This bit indicates that a character has 
been received and is waiting in the FIFO to be read by the CPU. It is set when 
the character is transferred from the receive shift register to the FIFO and 
reset when the CPU reads the RHR, if after this read there are no more 
characters still in the FIFO. 

8.14 OUTPUT PORT CONFIGURATION REGISTER (OPCR) 

8.14.1 0PCR[71 - 0P7 Output Select - This bit programs the 0P7 output to 

I provide the complement of 0PR17]. It must be 'O'. 

! 8.14.2 0PCR[6] - 0P6 Output Select - This bit programs the 0P6 output (INT232S) 

j to provide the channel A transmitter Interrupt output, which Is the complement 

! of TxRDYA. When in this mode 0P6 acts as an open collector output. Note that 

this output is not masked by the contents of the IMR. It must be '1'. 

3.14.3 0PCR[5] - 0P5 Output Select - This bit programs the 0P5 output (INTKBD) 
to provide the channel B receiver interrupt output, which is the complement of 
ISR[5]. When in this mode 0P5 acts as an open collector output. Note that this 
output is not masked by the contents of the IMR. It must be '1'. 

8.14.4 0PCR[41 - 0P4 Output Select - This bit programs the 0P4 output (INT232R) 
to provide the channel A receiver interrupt output, which is the complement of 
ISR 1). When in this mode 0P4 acts as an open collector output. Note that this 
output is not masked by the contents of the IMR. It must be 'l'. 

8.14.5 0PCR[3:2] - 0P3 Output SeLect - This field programs the 0P3 output to 

provide the complement of 0PR[3]. It must be '1'. 

8.14.6 0tCR[!:01 - 0P2 Output Select - This field programs the 0P2 output to 

provide the complement of 0PK[2]. It must be '00'. 



n 
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8.15 AUXILIARY COSTROL REGISTER (ACE) 


8.15.1 ACR[7J - Baud Rate Generator Set Select - This bit selects one of two 
sets of baud rates to be generated by the BRG: 


Set 1: 50, 110, 134.5, 200, 300, 600, 

1.05K, 1.2K, 2.4K, 4.8r., 7.2K, 
9.6K, and 38.4K baud. 

Set 2: 75, 110, 134.5, 150, 300, 600, 

1.2K, 1.8K, 2.OK, 2.4K, 4.8K, 
9.6K, and 19.2K baud. 


8.15.2 The selected set of rates is available for use by the channe. A and B 
receivers and transmitters as described in CSRA and CSRB. Baud rate generator 
characteristics are given in Table 1-5. 


TABLE 1-5. BAUD RATE GENERATOR CHARACTERISTICS 

CRYSTAL OR CLOCK-3.6864MHz 


| NOMINAL RATE(BAUD) j ACTUAL 16x CLOCK (IcHz) | ERROR (PERCENT)| 


50 

0.8 

0 

75 

1.2 

0 

no 

1.759 

-0.069 

134.5 

2.153 

0.059 

150 

2.4 

0 

200 

3.2 

0 

300 

4.8 

0 

600 

9.6 

0 

1050 

16.756 

-0.260 

1200 

19.2 

0 

1800 

28.8 

0 

2000 

32.056 

0.175 

2400 

38.4 

0 

4800 

76.8 

0 

7200 

115.2 

0 

9600 

153.6 

0 

19.2K 

307.2 

0 

38.4K 

614.4 

0 


NOTE: Duty cycle of 16X clock is 501 +/- IX. 


8.15.3 ACR[6:4] - Counter/Tlaer Mode and Clock. Source Select- This field 
selects the operating mode of the counter/tlmer and Its clock source as shown in 
Table 1-6 • 
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TABLE 1-6. ACR[6:4] FIELD DEFINITION 
ACR[6:4j | MODE | OCR SOURCE f 


0 0 0 

Counter 

IP2 is connected to the 30Hz video 
signal which has its transitions at 
the start of vertical blank. 

0 0 : 

Counter 

TXCA-1X clock of channel A transmitter 

0 1 0 

Counter 

TXCB-1X clock of channel 3 transmitter 

0 1 1 

Counter 

3.6864MHz Crystal 

1 0 0 

Timer 

(IP2) is connected to the 30Hz video 
signal which has its transitions at 
the start of vertical blank. 

1 0 1 

Time: 

IP2 (see above) divided by 16. 

1 1 0 

Timer 

3.6864MHz Crystal 

1 1 1 

Timer 

3.6364MHz Crystal divided by 16 


8.15.4 ACR[3:0] - IP3, IP2, IP1, IPO Change of State Interrupt Enable - These 
must be '1' so the Input Port Change register (IPCR) cause the input change bit 
in the interrupt status register (ISR[7J) to be set. This results in the 
generation of an interrupt when mouse button 0, 1, or 2 (1P3, IP1, IPO) are 
pressed or released, or when video vertical blank starts (IP2). 

8.16 INF0T PORT CHARGE REGISTER (IPCR) 

8.16.1 Inputs IP3, IP l, IPO are connected to mouse but tor ** 0, 1, and 3 
respectively Input IP2 is connected to a 60 Hz signal that has transitions at 
the start and end of vertical blank. 
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8.16.2 IPCR[7:4] - MBO, DOG CLK, MB1, MB2 Change of State - These bits are set 
when a change of state, as defined in the Input Port section of this data sheet, 
occurs at the respective input pins. They are cleared when the IPCR is read by 
the CPU. A read of the IPCR also clears ISR[7], the input change bit in the 
interrupt status register. The setting of these bits can be programmed to 
generate an interrupt to the CPU. 

8.16.3 IPCR[3:0J - MBO, DOG CLK, MBl, MB2 Current State - These bits provide 
the current state of the respective Inputs. The information is unlatched and 
reflects the state of the input pins at the time the IPCR is read. 

8.17 INTERRUPT STATUS REGISTER (ISR) 

This register provides the status of all potential Interrupt sources. The 
contents of this register are masked by the interrupt mask register (IMR). If a 

bit in the ISR is a '1' and the corresponding bit in the IMR is also a '1', the 
INTRN output will be asserted. If the corresponding bit in the IMR is a zero, 
the state of the bit in the ISR has no effect on the INTRN output. Note that 
the IMR does not mask the reading of the ISR - the true status will be provided 
regardless of the contents of the IMR. The contents of this register are 
initialized to 00 when the DUART is reset. 

8.17.1 ISR[7J - Input Port Change Status - This bit is a '1' when a change of 
state has occurred at the MB2, MBl, DOG CLK, or MBO Inputs and that event has 
been selected to cause an interrupt by the programming of ACR[3:0]. The bit is 
cleared when the CPU reads the IPCR. This bit Indicates that a mouse button has 
been depressed or released or that vertical blank is starting. 

8.17.2 ISR[6] - Channel B Change in Break - This bit, when set, indicates that 
the channel B receiver, which is connected to the keyboard, has detected the 
beginning or the end of a received break. It is reset when the CPU Issues a 
channel B 'reset break change interrupt' command. 

8.17.3 ISR[51 - Channel B Receiver Ready or FIFO Full - The function of this 
bit is programmed by MR13[6]. If programmed as receiver ready, it Indicates 
that a character has been received in channel 3 and is waiting in the FIFO to be 
read by the CPU. It <s set when the character is transferred from the receive 
shift register to the FIFO and reset when the CPU reads the RHR. If after this 
read there are more characters still in the FIFO the bit will be set again after 
the FIFO is 'popped'. If programmed as FIFO full, it is set when a character is 
transferred from the receive holding register to the receive FIFO and the 
transfer causes the channel B FIFO to become full, l.e., all three FIFO 
positions are occupied. It is reset when the CPU reads RHR. If a character is 
waiting In the receive shift register because the FIFO is full, the bit will be 
set again w,.en the waiting character is loaded into the FIFO. 

8.17.4 ISR14) - Channel B Transmitter Ready - This bit Indicates data can be 
sent to the keyboard or the auxiliary printer. This bit is a duplicate of 
TxRDYB (SRB[21). 
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8.17.5 ISR[3] - Counter Ready - In the counter mode, this bit is set when the 
counter reaches terminal count and is reset when the counter is stopped by a 
3top counter command. 

8.17.5.1 In the timer mode, this bit is set once each cycle of the generated 
square wave (every other time that the counter/ timer reaches zero count). The 
bit is reset by a stop counter command. Th command, however, does not stop the 
counter/timer. 

8.17.6 ISR[2] - Channel A Change in Break - This bit, when set, indicates that 
the channel A receiver, which is connected to the keyboard, has detected the 
beginning or the end of a received break. It is reset when the CPU issues a 
channel A 'reset break change interrupt' command. 

8.17.7 ISR[ 1J - Channel A Receiver Ready or FIFO Full - The function of this 
bit is programmed by MR1A[6]. If programmed as receiver ready, it indicates 
that a character has been received in a channel A and is waiting in the FIFO to 
be read by the CPU. It is set when the character is transferred from the 
receive shift register to the FIFO and reset when the CPU reads the RHR. If 
after this read there are more characters still In the FIFO the bit will be set 
again after the FIFO is 'popped'. If programmed as FIFO full, it Is set when a 
character is transferred from the receive holding register to the receive FIFO 
and the transfer causes the channel A FIFO to become full, i.e., all three FIFO 
positions are occupied. T t is reset when the CPU reads the RHR. If a character 
is waiting in the receive shift register because the FIFO is full, the bit will 
be set again when the waiting character is loaded into the FIFO. 

8.17.8 ISRlOl - Channel A Transmitter Ready - This bit indicates data can be 
sent to the EIA RS232C line. This bit is a duplicate of TxRDYA (SRA[2]). 

8.18 INTERRUPT MASK REGISTER (IKR) 

The programming of this register selects which bits in the ISR cause an 
Interrupt output. If a bit in the ISR is a '1' and the corresponding bit in the 
:MR is also a 'l', the INTRN output will be asserted. If the corresponding bit 
in the IHR is a zero, the state of the bit in the ISR has no effect on the INTRN 
output. Note that the IMR does not mask the programmable interrupt outputs 
INT232S, INTKBD, and INT232R or the reading of the ISR. 
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Normally this register would contain the following mask: 

BIT 

7 ** 1 Interrupt on mouse button change or vertical blank. 

6 * 0 The keyboard should not cause a line break. 

5-0 The keyboard receive data interrupt is handled by 0PCR[5]. 

4*1 Interrupt when keyboard or auxiliary printer can receive data. 

3-1 Interrupt when the programmed time out has occurred. 

2 * 1 Interrupt when the EIA RS232C has a line break. 

1 * 0 The EIA RS232C receive data interrupt is handled by 0PCR(4J. 

0*0 The EIA RS232C send data interrupt is handled by 0PCR[6J. 

8.19 COUNTER/TIMER REGISTERS (CTUR AND CTLR) 

The CTUR and CTLR hold the eight MSB's and eight LSB's respectively of the value 
to be used by the counter/timer in either the counter or timer modes of 
operation. Note that these registers are write-only and cannot be read by the 
CPU. 

8.19.1 In the timer (programmable divider) mode, the C/T generates a square 

wave with a period of twice the value (in clock periods) of the CTUR and CTLR. 

If the value in CTUR or CTLR is changed, the current half-period will not be 
affected, but subsequent half periods will be. In this mode the C/T runs 
continuously. Receipt of a start counter command (read address 20003B) causes 
the counter to terminate the current timing cycle and to begin a new cycle using 
the values in CTUR and CTLR. 

f 

8.19.2 The counter ready status bit (ISR[3]) is set once each cycle of the 
square wave. The bit is reset by a stop counter command (read address 20Q03F). 
The command, however, does not stop the C/T. 

8.19.3 Ln the counter mode, the C/T counts down the number of pulses loaded 

into CTUR and CTLR by the CPU. Counting begins upon receipt of a start counter 

command. Upon reaching terminal count (0000 ), the counter ready interrupt bit 

(ISR[31) is set. The counter continues counting past the terminal count until 
stopped by the CPU. ISR[3] is cleared when the counter is stopped by a stop 
cou. ter command. The CPU may change the values of CTUR and CTLR at any time, 
but the new count becomes effective only on the next start counter command. If 
new values have not been loaded, the previous count values are preserved and 
used for the next count cycle. 

8.19.4 In the counter mode, the current value of the upper and lower 8 bits of 
the counter (CTU, CTL) may be •■ead by the CPU. It is recommended that the 
counter be stepped when reading to prevent potential problems which may occur if 
a carry from the lower 8-blts to the upper 8-blts occurs between the times that 
both halves of the counter are read. However, note that a subsequent start 
counter command will cause the counter to begin a new count cycle using the 
values in CTUR and CTLR. 
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8.20 fs-u descriptios 


8.20.1 DUART 

8.20.1.1 MT-A11 The DUART provides the interface between the I/O circuits and 
the processor. Data pins DO - D7, address pins AO - A3, enable pins GEN, WRN, 
RDM, and interrupt pins INTRN, INTKBD, INT232S allow the DUART to Interrupt the 
processor and allow the processor to read > i write the DUART. D'JART pins MB2, 
MB1, MBO interrupt the processor whenever a mouse button is released or 
depressed. DUART pin DOG CLK interrupts the processor whenever video vertical 
retrace blank starts and ends. DUART pin RVIDEO enables the processor to change 
the screen to either normal or reverse video. 

8.20.2 Baud Rate Clock XI supplies the DUART's internal baud rate generator 
with a clock i-om which the baud rates for the keyboard, auxiliary printer, and 
EIA RS232C lines are generated. 

8.20.3 DUART Reset 

8.20.3.1 HLE8-12 This pin provides power up reset to the DUART. 

8.20.4 Keyboard Data Input Buffer 

8.20.4.1 MLD6-9 This pin buffers the serial data from the keyboard to the 
DUART. 

8.20.5 Keyboard, Auxiliary Printer Output Multiplexer 

8.20.5.1 MLB9 Multiplex MLB9 directs the serial signal out of the DUART to the 
keyboard when 0P3 is high and to the auxiliary printer when OP3 is low. 

8.20.6 EIA Drivers 

8v20.6.1 MLB8 This chip drives the EIA RS232C serial output signals and data 
terminal ready signals to the auxiliary printer and the EIA RS232C line to the 
host computer. 

8.20.7 EIA Receivers 

8.20.7.1 MLB6 This chip receives the EIA RS232C serial input, clear to send, 
data set ready and data carrier detect signals from the EIA RS232C line from the 
host computer. 
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9. PS-12 - EPROM AND SELECT LOGIC 


EPROM's are used for storing programs called Firmware. A total of 8 (eight) 28 

pin EPROM's may be installed. Each EPROM is organized into 8 bits per pack so 

it takes 4 EPROM's to make one 32 bit word. A selection switch allows 4 

different memory packages to be insetted into the 8 EPROM sockets. The 
following list summarizes the different EPROM configurations. 

1. 8K x 8 EPROM's can be inserted for 8K or 16K x 32 bits of firmware. 

2. 8K x 8 RAM's can be inserted for 8K or 16K x 32 bits of firmware. The 

RAM's are used when developing firmware because it allows down loading 
into the firmware area. 

3. 16K x 8 EPROM's can be inserted for 16K or 32K x 32 bits of firmware. 

4. 32K x 8 EPROM's can be inserted for 32K or 64k x 32 bits of firmware. 

Also, a switch option allows selection of 200nsec or 250nsec EPROM's. For a 

summary of the above information and switch positions necessary for each 
configuration see Figure 1-4. 
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9.1 FS-12 DESCRIPTION 

9.1.1 EPROM EPROM's MLL15, MLK15, MLH15, and MLG1S provide the low address 
bank of firmware. 

EPROM's MLL14, MLK14, MLH14, and MLG14 provides the high address bank of 
firmware. The EPROM's are directly connected to the processor address and data 
busses. 

9.1.2 EPROM Output Enable Control EPROM output enable (pin 22) onto the data 
bus is decoded by MLE7-6 (low address bank) and MLE7-3 (high address bank) when 
the processor addresses the EPROM. Multiplexer MLF15-9 and switches 2, 3, 6 4 
provide output enable selection for 8K, 16K, or 32K EPROMs. 

9.1.3 EPROM Chip Enable Control EPROM chip enable (pin 20) is active whenever 
the processor address level 22 is low. This keeps the EPROM in the low power 
dissipation mode when the RAM is on and ready to do a fast data access when RAM 
is off. 

9.1.4 EPROM Address Control EPROM address (pin 26) is connected to MLP15-7 
which provides processor address level 15 used by 16K and 32K EPROMs. EPROM 
address (pin 27) is connected to MLF14-4, 7, 12, 6 9 which provides processor 
address level 16 used by 32k EPROMs. 

9.1.5 EPROM Fault Control MLF15-12 connects the write EPROM fault and watch¬ 
dog timer fault circuits to the processor fault input. 

9.1.6 EPROM Emulator Control Multiplexers MLF14 and MLF15 can be selected by 
closing switch 1 to provide operation of 81 x 8 static RAMs. MLF15 provides the 
signals to enable the RAMs and inhibit processor faults. MLF14 provides the 
signals to write the RAMs. 


10. F3-13 - PARALLEL UTERFACE 
10.1 OVERVIEW 

The Parallel Interface is an 8 bit Parallel Input/Output port (PIO). It allows 
the BELLMAC 32A Processor to Interface with an external I/O card. The external 
I/O card will be used to expand the I/O capability of the 5620. 

In order to program the P10 you must know the programming requirements 
of the external 1/0 card connected to It. The PIO has control signals for 
addressing up to 32 external locations for either read or write operations. It 
also has two levels of Interrupt priority and an asynchronous data ready signal 
that allows Interfacing with 1/0's much slower than the processor. 
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10.2 FS-13 DESCRIPTION 

10.2.1 Parallel I/O Data Port 

10.2.1.1 MLD8 This chip is a bidirectional eight bit data transceiver used to 
interface with an external I/O circuit boar 

10.2.2 Parallel I/O Control Port 

10.2.2.1 MLD7 This chip provides reset (pin 18), enable (pin 16), read/write 
(pin 14), address (pins 12, 9, 7, 5, 3), and MLD6-12 provides write control of 
the external I/O. 

MLD6 provides input pins for interrupt (pins 4 and 6) and ready (pin 2) from the 
external I/O. 


11. PS-14 - NONVOLATILE MEMORI (BATTER! BACK-OP RAM) 

The Battery Back-Up RAM (BBRAM) is used for nonvolatile storage of terminal set 
up and configuration data. It has its own battery to prevent loss of data when 
the AC power is off. The organization of BBRAM is 2K x 8 bits. Its memory is 
read and written by the processor. Normal operation a) lows the user to 
configure the terminal opcions in a set-up mode and store this configuration in 
the BBRAM so the set-up process does not have to be repeated every time the 
terminal is powered up. 

11.1 FS-14 DESCRIPTION 

11.1.1 2K x 3 Static RAM 

11.1.1.1 MLG13 This chip is the 2K x 8 static RAM used for storage of non¬ 
volatile data. Signals MA121-MA021 are the address select lines from the 
processor. Signals MD151-MD081 are the 8 bit bidirectional data bus connected 
to the processor. 

11.1.1.2 MLG13-21 Enables the static RAM for a write operation. 

11.1.1.3 MLG13-20 Enables the static RAM outputs during a read operation. 

11.1.1.4 MLG13-18 Enables the RAM for read and write operations when the powei 
supply is on. This signal is held active (low) by transistor Q 1 as long as dc 
power is within its specified range. 

11.1.2 Battery Recharging Circuit Resistors R4, R5, R6, diodes CR1, CR2, and 
capacitors Cl, C2 are used to generate a battery Isolated and filtered +5 volts 
from the +5 volt and +12 volt supplies. Resistor Rll and diode CR3 recharge the 
battery when power is on. When the power is turned off battery 31 resistor R7 
and diode CR6 are used to maintain data in the RAM by supplying voltage co 
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MLG13-24, while MLG13-18 disables read/write operations. 

12. FS-15 - POWER DISTRIBUTION 

DC0K1 is a reset signal from the power supply. It is on for a minimum of one 
milli-second after the voltages are in range and before the voltages go out of 
range. 

The +I2V, +5V, 

and -12V are power lines from the logic power supply. Nominal current levels 
are as follows: 


DC Voltage 

DC Current 

DC power 

+5 

3.0A 

15 Watts 

+12 

130oA 

1.56 Watts 

-12 

90mA 

1.08 Watts 
















































































































































































































































EQUIPMENT NOTES 

101. THE SMALL CIRCLES WITH*! THE COMPONENT OUTLINE ON THE SILK SCREEN INDICATE' 

PIN I OF ALL IC'l OR. THE POSITIVE LEAD ON POLARIZEO DISCRETE COMPONENTS. 

102. THE I/O FILTER CARO MUST HAVE FOUR DIOOES TO PROTECT MLC8 8 MLC9 FROM ELECTRO-STATIC OISCHARCE. THE 
ANODES ARC CONNECTED TO XO, XI.YO.YI ANO THE CATH00E3 ARE CONNECTED TO ♦ S VOLTS. 

I03L IF THE 410972 CARO WAS HOOFED PER MOOFXATiON KIT 416563 TO PROVlCE A ME6A8YTE OF RAM, T>€ THWTY TWC/6 PIN 
SOCKETS WLL HAVE 236K RAM MEMORY Id (TPN 404256). 

ICX THE 410972 MAY BE EQUIPPED WITH ONE OF TWO OIFFERENT PROCESSORS: 

404132 PROCESSOR' 

MLBI3-4I83I4 1C CLOCK OSCILLATOR 2a8MH» 

MLBI5-404132 1C 8ELLMAC 32 A CPU 

410862 PROCESSOR' 

MLB 13-NO PART 

MLBB-410862 1C BELLMAC 32B CPU CARO ASM. 

105. N OTE THE FIRMWARE VERSION MUST BE COMPATIBLE WITH THE PROCESSOR USED ON THE CARO, S EE NOTE 104. 

VERSION COMPATIBLE MLGI4 MLS 15 MLHI4 MLHI5 MLKI4 |mlXI5 | MLLI4 

• i7;I 32A CPU 414523 414324 414523 414524 41432 

3.7,2 32A CPU 414464 414467 416868 414849 41487 

»;7;J 32A CPU 416904 416903 416906 416907 41690 

8:7:3 32A CPU 4)6999 416996 416997 416934 41493! 

8:7.3 32A/328 CPU 4367B0 456781 4 36782 43678 3 4 5678 

106. A 374141 AT MLL2 GUARANTEES TIMIN8 FOR 236K DYNAMIC RAMS (404236). 
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Circuit Description . 

CIRCUIT DESGKimoi FOR THE 410862 CPU CARD 


l. ISTSODOCnOH 

The 32B CPU card (TPN 410862) directly replaces the BELLMAC 32A (TPN 404132) 
microprocessor in the 5620 DMD. It Includes the BELLMAC 32B (TPN 352132) 
microprocessor, the associated clock chip (TPN 416558), and additional emulation 
circuitry. This emulation circuitry provides wait-state insertion, synthesis of 
an interrupt acknowledge signal (/LACK)* , and synthesis of byte write strobes. 
The 32B CPU card emulates only that subset of the 32A functionality which Is 
implemented in the 5620 DMD. 


2. MICROPROCESSOR AID CRYSTAL OSCILLATOR 

Included on the 32B CPU card are the 32B microprocessor (ML4) and its associated 
(10 MHz) crystal oscillator chip (ML1). 32B leads which are directly compatible 
with the 32A are wired directly to the appropriate pins of the 32A footprint. 
Those which are not directly compatible are wired via the emulation circuitry 
comprised of ML3 and ML4. Unused 32B inputs are forced to the appropriate logic 
levels. Unused outputs remain floating. 

2.1 32B Architectural Characteristics 

Some of the architectural characteristics of the CPU are: 

- Sixteen 32-bit registers 

- Separate 32-bit address and data busses 

- Internal instruction queue and cache 

- Extensive pipelining 

- Wait-state generation accomodates slow peripherals 
See TPN 352132 for more information on the 32B. 


* In this text, 32B signals which are low true are indicated by a '/' 

preceedlng the signal name. On the accompanying schematics, the same signals 
are indicated low true by a solid line over the signal name. Recall that 32A 
signal polarity is indicated by a 'O' or '1' suffix. This nomenclature does 
not apply to the 32B. 
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2.2 Instruction Set 

The 32B supports a powerful instruction set which includes the standard data 
transfer, arithmetic and logical operations plus unique operations such as 
modulo math, multiply etc. The large number of program control instructions and 
operating system instructions make the 32B especially suitable for multi- 
I tasking, UNIX type environments, 

i 

| The processor's instructions are mnemonic based, assembly language statements. 

I Each instruction is one or two bytes and defines the operation to be performed 

| as well as the operand(s) type. Operands can be bytes, half-words (16-bits), 

j words (32-bits), bit-fields within a word, or blocks and strings of data 

locations. 

I 

l 

j 2.3 CPU Reads and Writes 

i 

Peripheral read and write accesses are at least four cycles of the 10 MHz clock. 
The CPU begins an access by driving address, data and status onto the 
appropriate busses. Next, address strobe and data strobe are asserted. The 
access is not terminated until the peripheral returns a 'ready' signal via 
/DTACK or /SRDY. Thus, an access can be extended indefinitely to accomodate slow 
peripherals. 

2.4 Faults 

Attempts to write to EPROM or 'timeout' are CPU recognized faults. They are 
reported by an active fault input and terminate bus operations. 

2.5 I/O Interrupts 

Interrupt requests are acknowledged in an interrupt acknowledge cycle which has 
the same timing as a read cycle. The interrupt vector is forced onto bits 0 
through 7 of the CPU data bus. 

2.6 Exceptional Conditions 

i In addition to interrupt requests and resets, several types of events may 

j interrupt the execution of a program. These events are 'exceptions' and their 

| occurence will cause transfer of program control to the appropriate exception 

| handling routine. When an exception Is detected, current process context is 

i stored to allow the process to resume execution once the exception has been 

handled. 




2.7 Pin Assignments 

Refer to the 4862SD schematic diagram or TPN 352132 for pin assignments 
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The two clock inputs to the CFO are driven by oscillator ML1. The oscillator is 
crystal controlled and provides two 10 MHz signals seperated by 90 degrees of 
phase. 

3. WAIT-STATE INSERTION 

The 32B runs at a higher clock frequency than the 32A and requires less clock 
periods to complete a read or write cycle. This significantly impacts system 
timing. From timing analysis we see that the emulation hardware will be required 
to introduce wait-states on peripheral accesses. This is necessary to guarantee 
that the 32B does not terminate CPU cycles before accessed peripherals are 
ready. 

Two inputs to the 32B (/SRDY and /DTACK) are used to introduce wait-states The 
CPU will not end a cycle before at least one of these Inputs have been asserted. 
/SRDY is a synchronous input and must not be asserted asynchronously (doing so 
may cause the CPU to enter a metastable state). Consequently, wait-states are 
generated using /DTACK exclusively. 

The 32B CPU card uses a PAL (ML2) to assert /DTACK. The PAL contains three 
flip-flops configured as a 3-bit synchronous counter. At the beginning of each 
machine cycle, when address-strobe (/AS) is high, the counter is loaded with 
zeros. /AS is subsequently asserted by the CPU, and the counter advances state 
on each rising edge of CLK34. Thus, the count at any time reflects the number of 
clock states elapsed in the current machine cycle. The PAL is programmed to 
assert /DTACK on condition that the required number of wait-states have elapsed 
(as indicated by the counter) for the accessed peripheral. CPU address leads 
ADD&20-ADDR22 are provided as PAL Inputs and indicate which peripheral is being 
accessed in each machine cycle. Consider for example an EPROM access, which 
requires two wait-states. In this case, ADDR20-ADDR22 are all low. The PAL will 
assert /DTACK when ADDR20-ADDR22 are low, and the counter indicates a count of 2 
(two wait-states have elapsed). 

From timing analysis the required number of wait-states for each type of access 
was determined. Note that display RAM and P10 accesses are different from all 
other accesses in that they are completely asynchronous: The CPU issues a 
request to access these peripherals at the beginning of a cycle. However, it is 
not possible to predict how many wait- states will be necessary before the 
peripherals are ready. In this case, the PAL allows WSEL (generated on the 
motherboard) to drive /DTACK directly. 

Note that the PAL logic equations for /DTACK include a hold term. This term 
ensures that once /DTACK is asserted, it will be held true until the CPU ends 
the current cycle (as indicated by negation of /AS). 
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2.8 Clock requirements 
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4. SYNTHESIS OF /LACK 

The 32B, unlike the 32A does not provide an explicit Interrupt acknowledge. 
Instead, it provides an interrupt acknowledge cycle status code on status lines 
SAS0-SAS3. It is necessary to provide an Interrupt acknowledge signal (/IACK) 
when the corresponding code appears on the status lines. 

A problem arises in the synthesis of /IACK due to the timing of status codes: 
The status code for the current cycle remains valid only through state 3. After 
the trailing edge of state 3, status codes reflect the next cycle status. As a 
result, it is necessary to l)hold current cycle status through the end of the 
current cycle, 2)ensure that status for a following cycle is not interpreted as 
current cycle status. The PAL will assert /LACK only when the appropriate status 
code is detected and the counter indicates zero elapsed clock states (i.e. 
current status valid). A hold term is provided such that /LACK will be held 
until the interrupt cycle is ended, as indicated by the negation of /AS. 


5. SYNTHESIS OF BYTE STROBES 

The 32A uses WS00 thru WS30 to enable any subset of the four memory banks 
corresponding to bytes 0 thru 3. Which of these signals are asserted depends on 
the type of access: word, upper halfword, lower halfword or any of four byr«s. 
The 32B does not issue seperate enable strobe3 for each bank. Rather, it 
provides DSIZEO, DSIZE1, ADDRO and ADDR1. These output a code corresponding to 
the type of access. A prom (ML3) is used to generate WS00 thru WS30 from the 
appropriate permutations of DSIZEO, DSIZEl, ADDRO, ATDR1, /AS and R/W. 
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